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FOREWORD 


In January 1966, the Federal Power Commission established six Regional 
Advisory Committees to assist the Commission in updating the National Power 
Survey through the development of individual regional reports. 

The reports of the Regional Advisory Committees are being distributed by the 
Commission in advance of completing the full survey in order to make the useful 
information which they contain immediately available to interested reviewers. The 
Commission anticipates that the full survey, which. will consist of the Gommission’s 
report and the reports of all Regional and Technical Advisory Committees, will be 
published in 1970. 

As in all Commission Advisory Committee activities, the Commission’s staff has 
participated in the deliberations of the Committees. While consultation and suggestions 
have been freely exchanged by the Committees and staff, the final reports are the 
products of the Committees. 

We gratefully acknowledge the participation of the members of the Regional 
Advisory Committees and the many others who assisted them in these studies. Member- 
ships of the individual Regional Advisory Committees are shown in the corresponding 
report sections of this volume. 
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INTRODUCTION 


In 1964 the Federal Power Commission published the National Power Survey 
based on studies carried out by its staff with assistance from industry advisory com- 
mittees. The electric utility industry is rapidly changing and is being confronted with 
new problems and responsibilities. This prompted the Federal Power Commission to 
make plans to update the National Power Survey. To assist in such work, the Com- 
mission in its revised Order dated January 10, 1966, appointed six regional advisory 
committees. Certain general instructions were given to these committees by FPC and 
the committees were to prepare a report covering the work they accomplished. 

The South Central Regional Advisory Committee, with the assistance of the 
staff of the Fort Worth Regional Office of the Federal Power Commission, has prepared 
its report. Members of this committee are listed in the Acknowledgments section of 
this report. 

This report sets forth certain statistical data and also information covering operat- 
ing practices of individual systems and the coordination which has been achieved 
between systems, as well as projecting the availability of resources, the growth and 
future plans of all segments of the-electric utility industry in this region through the 
year 1990. 

Information, data, projections and future plans of the power industry were 


developed by the following Task Forces of the South Central Regional Advisory 
Committee: 


Load Forecasting 

Fossil Fuels Resources 

Coordinated Planning and Development 

General Patterns of Generation and Transmission 


This report is made up of the individual reports of these various Task Forces. 

The reports of these several Task Forces will indicate that the electric utility 
companies of the South Central Region have been meeting their obligations to 
furnish adequate and dependable electric service and have had an excellent record 
of service reliability. It also discloses that there have been coordinated groups plan- 
ning and operating together over a period of years to bolster the reliability of individual 
systems; and in addition, adequate individual company and joint coordinated plans 
between systems are being currently made and kept up-to-date to adequately meet 
all the future power requirements in the South Central Region, and to cooperate with 
adjacent areas in planning and coordination. 

It is hoped that the report will be useful to the Executive Advisory Committee in 
its work and to the Federal Power Commission staff in updating the National Power 
Survey. 
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SUMMARY 


Forecast of Power Requirements for the 
South Central Region 1970—1990 


The population of the South Central Region was 
23,238,000 in 1966 and, based on Census projec- 
tions, should increase to 33,060,000 by 1990. Except 
for electrical energy trends, population is the prin- 
cipal guide used in the electric load growth forecast. 

The compound annual rates of growth for the 
peak demand in the South Central Region for the 
three 5-year periods from 1950 to 1965 have been 
13.1, 10.0, and 9.1 percent. This growth rate is pro- 
jected between 1965 and 1970 to average 10.3 per- 
cent based on utility load estimates and taking into 
consideration that 1965 was an unusually cool sum- 
mer. The compound rate of growth is gradually 
reduced to a figure of 6.9 percent between 1985 and 
1990, as shown on Figure 2. The coincident peak 
demands for the South Central Region in 1965 and 
1966 were 24,589 mw and 27,440 mw. The coin- 
cident peak is expected to reach 181,811 mw in 
1990. Figure 4 readily shows this potential growth. 

The energy requirements in 1965 and 1966 were 
118,641 million kwh and 131,565 million kwh, 
respectively. The projected energy requirements in 
1990 are estimated to be 900,380 million kwh. Air 
conditioning, winter heating loads, and electric util- 
ity promotional programs affect annual load factors 
and cause variations in rates of growth. 

After the approval of the load forecast by the re- 
gional committee, a major utility in Power Supply 
Area 35 requested a higher estimate in 1990. This 
higher estimate is reflected by footnotes in tabular 
load data in this report, and sufficient capacity to 
meet this load, plus reserve requirements, is provided 
in the power requirements and supply analyses. 

It should be noted that the non-farm residential 
energy usage per customer for the South Central 
Region averaged 5,310 kwh per customer in 1966 
and is predicted to reach 18,510 kwh per customer 
in 1990. Commercial energy use per customer dur- 
ing the same period is expected to increase from 
30,063 kwh to 99,630 kwh. Industrial energy use is 
by far the largest category of classified sales and in 


1966 represented 51,039 million kwh energy require- 
ments and is predicted to reach 418,963 million 
kwh in 1990, or 46.5 per cent of the total regional 
requirements. 

In conclusion, the load forecast establishes pro- 
jected load levels at 5-year intervals to 1990. These 
forecasts make provisions for new energy uses but 
do not predict recessions. These load forecasts should 
be used with the thought that these load levels could 
be reached a little earlier than the years shown or, 
under certain conditions, the levels might be reached 
after the years indicated. These load forecasts pro- 
vide the basis for developing projected patterns of 
generation and transmission facilities in the South 
Central Region. 


Fuels Resources for the South Central Region 


A questionnaire submitted to the 33 major utili- 
ties in the South Central Region provided the larg- 
est portion of the data on fossil fuels resources. 
Based on current technology and projected costs 
and excluding hydroelectric generation, the year 
1966 indicated about 95 percent generation from 
natural gas and about 5 percent from coal in the 
South Central Region. By 1990, the fuel forecast 
for total thermal generation is about 46 percent 
natural gas, 43 percent nuclear fuels, and 10 per- 
cent coal. The ultimate development will depend 
on the competitive race between suppliers of nuclear 
fuels and coal. As the prices of gas increase to a 
point where conversion to coal is considered, oil 
usage for fuel may show development due to the 
inexpensive conversion factor from gas to oil. 

The survey also indicated that although natural 
gas reserves in the South Central Region are in- 
creasing, the rate of increase will not be sufficient to 
continue supplying all industrial establishments in 
the Region in addition to the amount required for 
export to other parts of the United States during 
the next 25 years. 

The break-even point between existing fuels and 
nuclear fuels is widely divergent and some systems 
projected new installations after 1975 for all nuclear 
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and others for all coal. Other systems projected 
installation of nuclear plants early in the period 
under consideration followed by the installation of 
coal-fired units, in order to obtain a mix of base 
load capability and peaking capability. 

Pumped-storage hydroelectric projects and gas 
turbines are expected to be used for peaking capac- 
ity where economically feasible when the base load 
nuclear plants are used extensively throughout the 
South Central Region. 

For plants located near major load centers, the 
“unit train” deliveries of coal will probably prove 
most economical—especially in Oklahoma, Kansas 
and Arkansas. 

Movement of barges along the Mississippi River, 
Gulf Intracoastal Waterway, and the navigable 
Arkansas River will allow coal purchases from west- 
ern Kentucky fields to be transported to the states 
of Missouri, Mississippi, Arkansas, Louisiana and 
Texas. 

The survey indicated research activity in the 
South Central Region in the nuclear field, as evi- 
denced by experimental projects being conducted— 
the SEFOR Project in northwest Arkansas, the 
Texas Atomic Energy Research Foundation Pro- 
gram, the Westinghouse liquid metal fast-breeder 
reactor program, and the Gulf General Atomic 
Project on gas-cooled fast-breeder reactor power 
plant. - 

Air pollution is not considered a major problem 
in the South Central Region due to the preponder- 
ant use of natural gas in the generation of power. 
It may become a factor in the future when it be- 
comes necessary to use other types of fuels for 
generation. 


Recommendations for Coordinated Plan- 
ning and Development 


The principles and practices outlined in Chapter 
3 relate to the interconnected systems of the electric 
utilities of the region responsible for providing re- 
liable electric power service in those areas where 
each system holds itself ready, able, and willing to 
provide such service. Each individual system has 
the responsibility to (a) provide enough power and 
energy to supply its customers’ requirements, and 
(b) to provide transmission facilities adequate to 
furnish the electrical requirements of its customers 
at system load centers. Usually, individual sys- 
tems can discharge their basic power supply re- 


sponsibilities more efficiently through participation 
in coordinated planning. It is believed that such 
coordination should be concerned with: first, the 
elimination of any possibility of cascading or propa- 
gating outages; and secondly, with any advantages 
that result through the coordinated planning of joint 
power supply. 

The number of electric utilities participating in 
coordination should be kept to a manageable size 
to permit effective communication and cooperation 
among all its members. The geographical area of 
coordination should be limited in extent so that ade- 
quate transmission ties and associated equipment 
may be constructed in such a way as to permit reli- 
able and economical flow of electric energy through- 
out the coordinated area. Coordination of planning, 
development, and operation of electric systems 
should be carried out by those interconnected elec- 
tric utilities whose planning and operation of gen- 
eration and transmission facilities have a major 
effect on the reliability of bulk power supply in the 
area. Any system that purchases its power supply, or 
a major part of its power supply, may participate in 
area coordination through the agency of the system 
that directly or indirectly furnishes its power supply. 

About 95 percent of the generating capacity in 
the region is interconnected under agreements that 
individually define the degree of coordination be- 
tween the systems, and under which the benefits 
of advancing technology are shared by all the 
customers. 

Much emphasis has been placed on the reliability 
of bulk power supply and on the prevention of 
power failures that might affect large areas of the 
United States. Much of this emphasis stems from the 
Federal Power Commission report on the Northeast 
Power Failure of November 9-10, 1965. Future 
coordination requirements must consider the advan- 
tages and disadvantages of interconnected and 
synchronous operation over large areas. The coordi- 
nated groups comprising the FPC South Central 
Region have planned capacity and transmission line 
additions, so the various groups of systems are self- 
sufficient and have a reliable power supply whether 
or not they operate in synchronism with a larger 
group. In planning for future coordination in the 
area, the major systems will be interdependent on 
other systems within subareas of the region but 
capable of providing reliable electric service when 
the region is separated from other regions. 
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General Patterns of Generation and Trans- 
mission 1970—1990 


Load patterns in the South Central. Region indi- 
cate a regional load growth greater than the aver- 
age for the nation. The region has a predominant 
summer peak, the winter peak being approximately 
70 percent of the annual summer peak. This differ- 
ence in seasonal peaks provides a basis for the 
present seasonal diversity exchange of some 1,500 
megawatts between eleven of the companies in the 
region and the Tennessee Valley Authority directly 
east of this region. 

Generation locations for the period of the study 
beyond four or five years in the future are general 
locations. They are usually located in the proximity 
of major load centers in the region. The average 
capacity of plants increases from 900 megawatts to 
4,000 megawatts during the period 1970-1990, an 
increase of over 300 percent. During the same peri- 
od, the average of the maximum unit sizes increases 
from 500 megawatts to 1,400 megawatts, an in- 
crease of nearly 200 percent. 

Water supply for cooling purposes becomes an 
increasing problem over the period of the study. 
Although there are many uncertainties involved in 


the water quality criteria of the several states and 
the Federal government, it is not expected that 
water supply will be extremely critical in the area. 

Hydro capacity represents about 5 percent of the 
peak load in 1970. Additions projected beyond 1970 
are for the most part pumped-storage projects. Due 
to (1) the close economic feasibility of pumped- 
storage peaking units as compared to other types 
of peaking generation, (2) the long-hour use during 
heat storms, and (3) the lack of congressional ap- 
proval of federal construction of off-stream storage 
projects, the amount of hydro capacity projected be- 
yond 1970 is probably in excess of that which will 
be installed. Nevertheless, if all hydro which has 
been projected should be installed, the percentage 
of hydro capacity to peak load in 1990 is less than 5 
percent. 

Transmission patterns indicate a continuation of 
the EHV line development started in the early 
1960’s. By 1990, a comprehensive 345-kv and 500-kv 
transmission network is projected. In addition, the 
beginning of 750-kv transmission is developing in 
Oklahoma. The projected network provides stronger 
interconnection between the operating utilities 
within the region and with adjoining regions to the 
end that reliability of service will be improved. 
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CHAPTER 1 
FORECAST OF POWER REQUIREMENTS FOR THE SOUTH CENTRAL REGION 
1970-1990 


Introduction 


The Fort Worth Regional Office of the Federal 
Power Commission prepared a load forecast to 1990 
and submitted it to the Task Force of Load Fore- 
casting for review. As a result of this review the 
further discussions by the South Central Regional 
Advisory Committee (SCRAC), the load forecasts 
were adjusted to a higher level. These higher esti- 
mates were approved by the SCRAC on April 25, 
1967. 

In using these load forecasts, it should be under- 
stood that some of the power supply area forecasts 
are not as high as the current forecasts by some of 
the electric utilities in the area. In other power sup- 
ply areas, the forecasts of various utilities are lower 
than this load forecast. These differences stem from 
degrees of optimism and may reflect variations in 
load forecasting techniques or other factors as indi- 
cated by a particular utility’s comments given in 
Appendix C. Some systems and groups use a con- 
stant percentage annual rate of growth as far into 
the future as 1990. The load forecasts in this report 
are based on a gradually decreasing percentage an- 
nual rate of growth but at the same time reflect an 
increasing annual incremental growth. (See Figures 
3 and 5.) 

The tabular data in this report is generally similar 
to data published in Advisory Committee Report 
No. 13 in Part II of the first National Power Survey 
issued in 1964; however, much more detailed in- 
formation is provided in this report, which covers 
only the South Central Region of the United States 
and is comprised of Power Supply Areas 25, 29, 
33, 34, 35, 37, 38 and that part of 17—F in Kansas 
and Missouri. 

The forecast provides a base for the fuel survey in 
Chapter 2 and furnished load levels used for the 
Task Force of General Patterns of Generation and 
Transmission. It was also used for reference by the 


Task Force of Coordinated Planning and Develop- 
ment and by their work group on Hydroelectric 
Utilization. 


Scope of Chapter and Sources of Data 
Area Coverage 


In determining the regions to be covered for the 
revised National Power Survey, the Federal Power 
Commission set out the South Central Region as one 
area. The South Central Region encompasses the 
Texas intrastate utilities, which cover Power Supply 
Areas 37 and 38, and all of the Southwest Power 
Pool utilities except those in Nebraska. The area of 
the Southwest Power Pool included in the South 
Central Region encompasses Power Supply Areas 
25, 29, 33, 34, 35, and part of 17—F in Kansas and 
Missouri. Figure 1 shows the areas covered by the 
South Central Region. FPC statistical Region V en- 
compasses all of the South Central Region except 
PSA 17-F and also includes PSA’s 36 and 39. Data 
on Region V is not included in this report but a 
large amount of FPC’s statistics have for many years 
been issued by these statistical regions. Some refer- 
ences to Load Study Areas are made in this report 
and these were the areas used in the first National 
Power Survey. These appear on Figures 6 through 
12. 

The boundaries of power supply areas are set ac- 
cording to the service areas of major electric utili- 
ties, groups of utilities, and operating power pools. 
These boundaries are occasionally adjusted to meet 
the changes in utility ownership, pooling, or coordi- 
nation arrangements. Generation and transmission 
cooperatives and Federal marketing systems have 
developed transmission networks which transcend 
the service areas of other major utilities so as to 
reach preference wholesale customers. It has there- 
fore not been possible to readjust power supply area 
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boundaries to conform to the service areas of all 
principal utilities. The data for each power supply 
area, however, represents full coverage of all utili- 
ties in the area, large and small, regardless of owner- 
ship. Minor adjustments of data are occasionally 
required where utilities overlap power supply area 
boundaries. Isolated electric utility systems are in- 
cluded in the area totals and represent only a very 
small percentage of the total. Industry-owned gen- 
eration is not included in the data in the report 
except in Tables 9 and 11. This load forecast in- 
cludes loads in the areas whether met by system 
generation in the area or whether met by imports 
from outside the area. 


Data Sources 


The FPC has compiled historical data on electric 
utility load growth and classified sales data since 
prior to 1940. These statistics are reported annually 
to the Commission on power system statements and 
these are supplemented monthly with load and ca- 
pability data. The 4-year load forecasts provided by 
the utilities provide a short-range estimate by com- 
pany planners. To supplement this information, 
field engineers of the Federal Power Commission 
visit electric utility officials annually and, among 
other things, discuss long-range load forecasting 
methods and expected loads ten to fifteen years in 
the future. Load forecasting techniques are often re- 
viewed. The FPC maintains historical records of 
electric utility operating data on all systems and this 
is available to interested persons. 


Economic Indicators 


A number of economic indicators affecting the 
development and trending of future electric utility 
load growth are used for reference in these fore- 
casts. Department of Commerce, Bureau of Cen- 
sus projections of population provide a principal 
guide for the farm, residential, commercial, and 
street lighting estimates. The Department of Labor 
statistics on industrial employment are useful in the 
industrial projection. The Department of Agricul- 
ture statistics on numbers of farms, persons per farm, 
and farm electrification loads are also used. Depart- 
ment of Interior, Bureau of Mines data on value of 
mineral products are always considered in industrial 
estimating. The value added by manufacture is a 
good reference index. National projections of the 
gross national product, and other economic indi- 
cators are used as general guidelines although, his- 


torically and in this forecast electric load growth 
outstrips most other economic trends. Comparisons 
of electric load forecasts are made with other types 
and total energy consumption. Reference is made to 
other general forecasts such as those of the Eco- 
nomics Research Service, Resources For The Future, 
Federal Reserve Districts, etc. State projections are 
used for comparison as, for example, those furnished 
by the Bureau of Business Research, University of 
Texas. (See Table 12.) 


Population Projections 


The population projection used for this report 
is the Series II-B estimate in the Series P—25 re- 
lease issued by the Bureau of Census, U.S. Depart- 
ment of Commerce. This projection is based on a 
number of reasonable alternative assumptions con- 
cerning the redistribution of population through in- 
terstate migration and further assumes a moderate 
decline in the national fertility level from the pres- 
ent fertility level. Other series projections assumed 
a more substantial drop in fertility rates, but in all 
series the projections were developed by a compo- 
nent method in which the 1960 census population of 
each state by age, sex, and color was carried forward 
on the basis of population changes caused by births, 
deaths, and net migration. Population estimates in- 
clude an increment to cover Armed Forces overseas. 

The population is broken down between farm 
and non-farm so that energy use on farms may be 
related to farm population and the number of farm 
customers. Farms are tabulated according to the 
Bureau of Census definition. The non-farm popula- 
tion is directly related to forecasts of non-farm resi- 
dential, commercial, and street lighting use, and is 
referred to in connection with the category known 
as “other.” 

The 1966 total population by Power Supply 
Areas varies from 1,161,000 persons in PSA 29 to 
4,988,000 persons in PSA 25. The total population 
in the South Central Region in 1966 was 23, 238,000 
of which only 2,052,000 were farm persons. The 
1990 total population estimate is 33,060,000 persons 
of which only 1,941,000 are farm persons. The farm 
population is estimated to continue to decline dur- 
ing the period of this forecast due to the growth in 
sizes of farms, the migration to urban areas, and 
the trend toward commercial farming. Table 1 pro- 
vides population estimates by power supply areas 
and for the South Central Region at 5-year inter- 
vals from 1965 through 1990. 
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The projections of population by the Bureau ot 
Census are related to state boundaries. In order to 
develop similar data by power supply areas, histor- 
ical trends of population by groups of counties are 
developed and projections are then made of popula- 
tion trends by power supply areas. Total population 
projections of power supply areas equal the sum of 
state projections as prepared by the Bureau of the 
Census. 


Load Projections 


Farm (Excluding Irrigation and Drainage 
Pumping) 


In preparing an estimate of farm use (excluding 
irrigation and drainage pumping), the historical 
data on numbers of farms as defined in the Census 
of Agriculture is projected into the future. Numbers 
of farms have been decreasing due to low farm in- 
come, rapid growth in commercial farming, larger 
sized farms, higher equipment costs, increasing 
hourly labor costs, etc. Farm sizes are increasing 
and commercial farming is becoming “big business” 
in many areas—an example is cattle feed lot opera- 
tions on the high plains of West Texas. Since rural 
electrification reaches substantially all rural areas in 
the country, the numbers of farms electrified as 
used in the load forecast is nearly as large as the 
total number of farms. In the South Central Region 
in 1966 there were 583,427 electrified farms and 
the number predicted for 1990 is 521,220 farms. A 
kilowatt-hour per customer use figure is applied to 
the number of electrified farms to arrive at total 
consumption. This use figure is based on historical 
trends, types of farming in the area, and predictions 
of future farming activities and new methods of 
electrification of farm equipment and machinery. 
Farm use per customer varies considerably in dif- 
ferent power supply areas, and in 1966 varied from 
3,839 kwh per customer in Power Supply Area 25 
to 7,079 in Power Supply Area 29. The South Cen- 
tral Region, as a whole, had an energy use per farm 
customer in 1966 of 4,576 kwh, which is projected 
to reach 16,520 kwh per customer in 1990 as shown 
in Table 4. 

The total farm use in the South Central Region in 
1966 was 2,670 million kwh and is projected to 
grow to 8,613 million kwh by 1990, as shown in 
Tables 3 and 4. 

Future farm population is determined by trends 
of numbers of persons per farm and tota] number 
of farms. This farm population is subtracted from 


total population to arrive at the non-farm residential 
population which is related to non-farm residential 
energy consumption. 


Irrigation and Drainage Pumping 


irrigation and drainage pumping requirements 
are predicated on historical trends and an examina- 
tion of future requirements, keeping in mind 
amounts of irrigable land and water supplies avail- 
able for irrigation. Should the Texas Water Plan 
for diversion of northeast Texas water resources 
to the more arid southwest Texas areas materialize 
to some degree prior to 1990, the current forecasts 
in PSA’s 33, 37, and 38 may need to be modified to 
include the pumping requirements. Further, should 
the movement of surplus water from the Lower 
Mississippi River below New Orleans begin to move 
into west Texas prior to 1990, forecasts may need 
to be modified in not only PSA’s 33, 37, and 38 but 
also in PSA 35 and perhaps PSA 25. This latter plan 
is now under preliminary study by the Corps of En- 
gineers and the Bureau of Reclamation in coop- 
eration with the States of Texas and Louisiana. 

The irrigation and drainage pumping require- 
ments vary from year to year based on rainfall and 
drouth conditions. The two principal areas where 
sizeable requirements occur are in PSA’s 25 and 38. 
Energy requirements in 1966 were 116 million kwh 
and 123 million kwh in these two areas, respectively. 
By 1990 these two areas are projected to reach 325 
million kwh and 350 million kwh. For the South 
Central Region as a whole, irrigation and drainage 
pumping energy requirements in 1966 were 346 
million kwh and are projected to reach 984 million 
kwh in 1990, as shown in Table 3. 


Non-Farm Residential 


In the preparation of a load forecast for non- 
farm residential sales, types of appliances and 
energy use per appliance were determined for the 
average home for 1965 and 1966 and predictions 
are made for the South Central Region as a whole. 
These projections provide guidance for determin- 
ing appliance saturation and include an increment 
for the potential development of new appliances. 
In this respect, it is interesting to note that there 
have been very few new appliances developed for 
the home in recent years that use sizeable quanti- 
ties of electric power. Many appliances and domestic 
uses have increased in size and in electric consump- 
tion. The current and future trends of non-farm 
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residential appliance saturation and energy con- 
sumption are shown in Table 10, 

In preparing the energy forecast, the non-farm 
residential population was divided by the number 
of persons per residence to arrive at the number 
of residential customers. One hundred percent elec- 
trification was assumed. The kilowatt-hours per cus- 
tomer were projected by power supply areas and 
an examination of these trends shows that they show 
regular annual increases. In 1966 the use per cus- 
tomer ranged from 4,239 kwh in PSA 17-F to 
6,460 kwh per customer in PSA 38. For the region 
as a whole, the 1966 usage was 5,310 kwh per cus- 
tomer and this was projected to reach 18,510 kwh 
per customer in 1990. These data are shown in 
Table 4. 

The total non-farm residential energy consump- 
tion in 1966 in the South Centra] Region was 33,178 
million kwh and this is projected to reach 242,760 
million kwh in 1990, as shown in Tables 3 and 4. 


Commercial 


In order to relate commercial energy sales to 
population trends, the number of persons per com- 
mercial service is calculated by power supply areas 
and trended by years for which historical data are 
available and extended to 1990. The kilowatt-hour 
energy consumption for commercial service was 
trended historically and projected to 1990. In 1966 
the commercial use per customer ranged from 
23,147 kwh per customer in PSA 34 to 39,523 kwh 
per customer in PSA 17—F. The average usage in 
the South Central Region was 30,063 kwh per cus- 
tomer in 1966 and this was projected to reach 99,630 
kwh per customer in 1990, as shown in Table 4. 

The total commercial energy use in the South 
Central Region was 27,248 million kwh in 1966 
and this was projected to reach 134,235 million kwh 
in 1990, as shown in Tables 3 and 4. 


Industrial 


The industrial classification of energy sales is 
the largest single category and is expected to remain 
the largest throughout the period covered by this 
report. Historical trends of industria] sales are ex- 
amined, plotted, and extended into the future based 
on judgment, information obtained from the elec- 
tric utility industry, economic indicators, and indus- 
trial statistics available from federal agencies, state 
bureaus, and other sources. As a guide in the projec- 
tion of industrial trends, the regional office of the 
Federal Power Commission maintains a card file 


of existing and projected industrial customers on 
which production, employment, and other statistics 
are entered. Further, electric utility requirements of 
principal segments of the industrial category are 
plotted for such as cement, refineries, petrochemical 
plants, etc., when adequate data can be assembled. 
Industrial sales represent by far the most difficult 
category to predict into the future. It can readily be 
seen that one new major aluminum reduction plant 
supplied by the electric utility industry could radi- 
cally affect industrial sales in any power supply area. 
As a whole, however, the forecast attempts to pro- 
vide for new plants and new industrial processes that 
may be developed during the period covered by the 
forecast. 

Industrial production, while subject to fluctua- 
tions of short duration, has shown a persistent up- 
ward trend since the beginning of the Industrial 
Revolution. The Federal Reserve Board index of 
industrial production provides a good economic in- 
dicator for the power supply areas in each Federal 
Reserve district. The gross national product is also 
used as a reference but, like other national indica- 
tors, cannot be directly factored into a load forecast. 
The industrial energy requirements in 1966 varied 
from 1,600 million kwh in PSA 29 to 13,275 million 
kwh in PSA 38. The total for the South Central 
Region in 1966 was 51,039 million kwh and this is 
projected to reach 418,963 million kwh in 1990, as 
shown in Table 3. The above projections of in- 
dustrial growth do not include industry-owned 
generation. 

Table 9 provides statistics on industry-owned gen- 
eration in addition to the above sales by utilities to 
industrial customers—together they represent total 
industrial energy requirements. Increases in indus- 
try-owned generation have been very moderate and 
the requirements in 1965 were 30,781 million kwh 
and this is predicted to increase to only 51,940 mil- 
lion kwh by 1990 in the South Central Region. Also 
in Table 9, the industry-owned generation and in- 
dustrial sales are combined with other electrical 
sales to provide the total energy requirements. In 
1965 for the South Central Region, the total re- 
quirements were 149,422 million kwh and this is 
expected to reach 952,320 million kwh in 1990. 


Street and Highway Lighting 


The energy requirements for street and highway 
lighting provide a very smooth trend of growth. 
These sales are related to numbers of non-farm res- 
idential customers and the future projections are 
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based on this relationship but keeping in mind street 
and highway lighting promotional programs for 
safety and crime prevention. In 1966 total energy re- 
quirements for street and highway lighting in the 
South Central Region reached 970 million kwh and 
this is projected to reach 4,265 million kwh in 
1990, as shown in Table 3. 


Electrified Transportation 


The decreasing sales for electrified transporta- 
tion are so small that no projected use is shown after 
1970. Should it appear that highspeed electrified 
transportation will develop in the South Central 
Region, a commensurate projection of energy re- 
quirements must then be made. 


All Other 


This category of sales includes may different 
uses of electric energy such as Government facilities, 
water pumping, city buildings, utility offices, etc. In 
1966 for the South Central Region, this classifi- 
cation was 4,890 million kwh. It is projected to in- 
crease to 18,355 million kwh in 1990, as shown in 


Table 3. 


Losses and Energy Unaccounted For 


Projections of losses and energy unaccounted for 
are based on historical trends. Losses represent a 
varying percentage of total energy requirements 
but the trends are fairly constant and can be pro- 
jected with a reasonable margin. Upgrading of dis- 
tribution facilities and major transmission extension 
programs affect losses. In 1966 losses in the South 
Central Region amounted to 11,217 million kwh 
and in 1990 are expected to reach 72,205 million 
kwh, as shown in Table 3. 


Total Energy for Load 


The total energy for load in 1966 was 131,565 
million kwh for the South Central Region and by 
1990 this figure is projected to reach 900,380 mil- 
lion kwh, as shown in Table 3. 


Peak Demand 


The monthly coincident peak demand in the 
South Central Region in 1966 was 27,440 mw. The 
monthly non-coincidental peak was 27,596 mw, 
producing a monthly diversity factor of 1.0056. The 
annual load factor in 1966 was 54.7 percent based 
on coincident peak. In 1990 the coincident peak 
demand is expected to reach 181,811 mw and the 


load factor is expected to increase to 56.5 percent, 
as shown in Table 2. 


Load Centers 


In order to facilitate the work of the Task Force 
of General Patterns of Generation and Transmis- 
sion, the load forecast as shown in Table 2 by power 
supply areas was further broken down by load cen- 
ters. As a guide in the selection of load centers and 
in trending their growth to 1990, actual data were 
compiled for 1960 and 1966. These data were based 
on information reported by electric utilities in the 
power system statements and annual reports to the 
Commission. Future estimates of load centers were 
prepared and load center maps for 1966, 1970, 1980 
and 1990 were prepared for distribution to the Task 
Force of General Patterns of Generation and Trans- 
mission. Copies of these maps are provided as Fig- 
ures 13 through 16. The largest load centers exceed 
3,000 mw (3.0 gigawatts) and in 1960 only the 
Houston load center exceeded that size. By 1990, 
however, quite a number of the load centers will 
exceed 3,000 mw. 

The minimum size of load centers was considered 
to be 100 mw for the study. Upon review of the 
preliminary load center data by the utilities, Mid- 
dle South Systems requested some additional load 
centers and some of these were less than 100 mw 
and are shown as requested. Table 8 provides the 
statistical data on each of the load centers covered 
by the study. In each power supply area, some of the 
outlying isolated municipal systems and intervening 
areas are shown in the tabular data as “unassigned.” 


Seasonal Load Differences 
Load Study Area—1960—1966 


Prior to an examination of potential future sea- 
sonal load differences, the load study areas used in 
the first National Power Survey were examined to 
determine the actual seasonal differences within 
load study areas. The years 1960 through 1966 were 
analyzed as shown on Figures 6 through 12. The 
shaded areas represent summer peaking areas and 
the white areas represent winter peaking areas. All 
of the South Central Region is a summer peaking 
area and the amounts for Study Areas J and K in 
1960 were 2,154 mw and 2,071 mw, respectively. 
By 1966 these seasonal differences had grown to 
3,889 mw and 4,650 mw. Regions having substan- 
tial winter peaks are the TVA area and the Pacific 
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Northwest. A seasonal diversity exchange amount- 
ing to 1,500 mw, is now being made between the 
TVA area (Study Area F) and major utilities in 
Study Area K. Consideration is being given to ex- 
tending this exchange to 2,500 mw if seasonal di- 
versity potentials continue to increase, particularly 
in the TVA area. Study Area K as used in the first 
National Power Survey does not include the Kansas 
City and surrounding area (PSA 17—-F) which is 
incorporated into the South Central Region for the 
revised National Power Survey. 


Monthly Peak Demands and Energy 
Requirements 


In order to facilitate consideration of seasonal 
diversity exchanges, monthly peak demands and 
energy requirements were projected by power sup- 
ply areas based on historical trends back to 1960. 
A summary of this data for the South Central Re- 
gion by months at 5-year intervals from 1960 to 
1990 and also including. actual 1966 data is pre- 
sented in Tabie 5. Peak demands in the Region, as 
in all of the power supply areas, occurred in the 


summer months. 
Summer and Winter Peak Demands 


Table 6 is a tabulation of monthly energy and 
maximum peak demands for the summer and winter 
periods from 1965 to 1990 including actual data for 
1966. This data is presented from each power sup- 
ply area and is summarized for the South Central 
Region. In 1966 the South Central Region summer 
monthly coincidental peak occurred in July and 
amounted to 27,440 mw and the following winter 
peak occurred in December and amounted to 
18,469 mw. 

Table 7 summarizes the seasonal load difference 
in megawatts at 5-year intervals for the South Cen- 
tral Region and the two principal groups therein. 
For Power Supply Areas 37 and 38, the seasonal 
difference grew from 1965 to 1966 from 3,422 mw 
to 3,889 mw. The forecast projected this seasonal 
difference to increase by 1990 to 23,928 mw. For 
the other areas in the South Central Region (prin- 
cipally Southwest Power Pool), the seasonal differ- 
ence increased from 4,262 mw to 5,158 mw from 
1965 to 1966 and is projected to reach 32,172 mw 
in 1990. The seasonal differences from the South 


Central Region are projected to reach 56,100 mw 
in 1990. 


Consideration of Future Seasonal Load 
Differences 


It must be kept in mind that the theoretical sea- 
sonal load differences as projected in these forecasts 
can be greatly affected by changing load conditions 
such as winter heating loads encouraged by incen- 
tive electric rates. Areas now experiencing winter 
peaks may develop higher summer peaks due to the 
gradual encroachment of summer air conditioning. 
Further, a large portion of the theoretical seasonal 
difference is utilized by maintenance outage sched- 
uling. Care must be exercised in projecting future 
load differences to provide adequate capacity for 
maintenance of large high-temperature units, par- 
ticularly supercritical machines and nuclear-fired 
units. Further, caution should be exercised in pre- 
dicting continued availability of potential seasonal 
differences due to changing load patterns. 


Study of Peak Electric Load Duration During 
Heat Storm Coincident With a Drouth Period 
of Record 


At the April 25, 1967 meeting of the South Cen- 
tral Regional Advisory Committee, the Load Fore- 
cast Task Force was instructed to determine the 
duration of heat storms experienced in the South 
Central Region and to review the shape of daily load 
curves that resulted and to recommend load and 
temperature data that would be used in studying the 
application of low-load factor conventional hydro- 
electric capacity, pumped-storage capacity, seasonal 
diversity capacity, and peaking thermal-electric gen- 
eration resources in serving summer peak load de- 
mands. A pilot report was prepared in response to 
these instructions covering the system of Oklahoma 
Gas & Electric Company and a copy is included as 
Appendix A. 

Summer peak loads in the South Central Region 
are predominantly temperature responsive and 
above average peak demands almost invariably oc- 
cur during below-normal -rainfall conditions. It is, 
therefore, imperative that critical year streamflow 
conditions be related to high-temperature condi- 
tions to derive a reliable basis for the development 
of future conventional and pumped-storage hydro- 
electric resources. Accordingly, load shapes of the 
Oklahoma Gas & Electric Company system were 
analyzed for the years 1954, 1964, and 1966. Figures 
1, 2, and 3 in Appendix A show temperature and 
peak demands plotted for selected days in 1966, 
1954, and 1964. It can be readily noted that there 
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is very close correlation between electric load and 
temperature. The increase in load on this electric 
system amounts to appoximately 1!/2-percent in- 
crease for each degree of temperature increase. 

Figures 7 and 8 in Appendix A show tempera- 
ture duration curves and number of days that max- 
imum temperatures equaled or exceeded 100° F., 
respectively. In 1936, the maximum temperature 
was 113° and there were 43 days that the maximum 
temperature equaled or exceeded 100°. In 1954, 
1964, and 1966, temperature equaled or exceeded 
100° for 41, 21, and 23 days, respectively. In 1936, 
1954, 1964, and 1966 the number of consecutive days 
the temperature equaled or exceeded 100° F. were 
22, 10, 8, and 19. During consecutive hot days, 
electric load gradually increases until often relieved 
by afternoon thundershowers over at least part of 
the electric service area. 

The report concluded that accurate daily and 
weekly load shapes could be developed for selected 
wider areas such as the Southwest Power Pool area 
and the Texas area. The report recommended that 
load curves be developed for such a group of sys- 
tems based on temperature and weather conditions 
typical of those prevailing in 1936, the hottest peri- 
od on record in modern times. This work was subse- 
quently accomplished and is discussed in the follow- 
ing paragraphs. 


Temperature-Load Characteristics of the 
Southwest Power Pool 


Subsequent to the temperature-load character- 
istics study on the Oklahoma Gas & Electric Com- 
pany system, the South Central Regional Advisory 
Committee requested that the study be expanded to 
cover the Southwest Power Pool. The purpose of 
this expanded study was to determine the load shape 
and duration of the hourly load curve that would 
result from a recurrence of the heat storms of 1936 
and 1954. 

In accomplishing the study, hourly loads for July 
and August 1954 and 1966 were obtained and used 
for all of the Southwest Power Pool and separately 
for Oklahoma Gas & Electric Company, Southwest- 
ern Electric Power Company, and the Middle South 
System. Hourly dry bulb temperatures for the same 
periods were determined for eight principal cities 
in the area under study. This data comprising over 
30,000 figures was computerized and relative tem- 
perature-load shapes developed as shown in the re- 


port covering the study, which is Appendix B in 
this report. The results are presented graphically in 
Appendix B for the peak weekly period of 1954 and 
1966 as Figures 1 through 8 and demonstrate that 
peak period loading for the Southwest Power Pool is 
a temperature responsive mechanism. It is also ap- 
parent that 1954 was hotter than 1966 and that high 
temperatures and loads were sustained for the entire 
week. The 1954 curve has a broader shape but has 
troughs at 1 p.m. and 7 p.m. The wider shape is due 
to the greater temperature duration of 1954 and 
would be expected to be reproduced in any year with ~ 
similar temperatures. The reduced 1 p.m. and 7 p.m. 
troughs in the 1966 load shapes indicate a trend to 
longer and smoother persistence of daily peaks. 

The study was limited to dry temperatures be- 
cause of data availability. However, an analysis by 
Oklahoma Gas & Electric Company indicates that 
the “THI,” or temperature humidity comfort index, 
has little effect on the peak load. Energy consump- 
tion does correlate with the number of THI degree 
days experienced. In Oklahoma, high temperatures 
are always accompanied by low humidity. During 
the ten years from 1954-1964, temperatures of 100° 
or over were recorded 398 hours, and 83 percent of 
this time the humidity was in the range of 0-29 
percent. Humidity in the coastal cities could have a 
greater effect on the load shapes but none of these 
cities experiences temperatures over 100°. The study 
for the Southwest Power Pool, to a considerable ex- 
tent, provides for temperature diversity throughout 
a large operating region as temperature input data 
was used from Kansas City, Missouri to Beaumont, 
Texas. 

In conclusion, a heat storm of the proportions of 
1936 or 1954 would produce one or more periods of 
five substantially successive days with essentially the 
same peak load each day. The principal change in 
the load shape of the daily load curves since 1954 
has been the elimination of the 1 p.m. and 7 p.m. 
troughs. Peaks increase rapidly during the morning 
and hold at high levels from around 11 a.m. until 
9 p.m. after which a substantial reduction occurs. 
During sustained hot weather substantially high 
loads may occur from 10 a.m. until 10 p.m. 

In examination of the application of conven- 
tional and pumped-storage hydroelectric capacity, 
seasonal diversity capacity, and thermal peaking ca- 
pacity, the historical hourly load shape of the 1954 
peak week, with smoothing to eliminate the 1 p.m. 


and 7 p.m. troughs, should be used. 
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CHAPTER 2 
FUELS RESOURCES FOR THE SOUTH CENTRAL REGION 


Introduction 


In December 1967 the Task Force of Fossil Fuels 
Resources—with a questionnaire to 33 major utili- 
ties in the South Central Region—requested data 
for 1966 through 1990, in 5-year intervals, on esti- 
mates of future electrical energy generation by types 
of fuel. The questionnaire also requested data on 
present and anticipated future trends in fuels used 
for generation. 

The results obtained on total thermal generation 
compare favorably with the 1966 through 1990 en- 
ergy for load consumption figures for the same 
period of years, as shown on the Forecast of Power 
Requirements (Chapter 1). The estimated per- 
centage breakdown according to type of future fuels 
for the South Central Region depends on avail- 
ability, deliverability and price of the various fuels. 

The estimated percentage of energy generation 
by nuclear plants in this chapter does not necessarily 


compare closely with the number of plants desig- 
nated as nuclear in the plant list following Figures 
20, 21 and 22, as the plant data was solicited and 
assembled separately by the Task Force of General 
Patterns of Generation and Transmission. Although 
considerable speculation was apparent in this part 
of the survey, the trend to nuclear fuel is very much 
in evidence by 1990. 


Fuels Survey 
Tabular Results 


The Survey indicates the quantities and propor- 
tions of energy to be generated by thermal methods. 
Since hydroelectric generation in this region is small, _ 
it is omitted from the following tabulation and is 
not covered in this chapter. 

The following tabulation is for the totals of 
thermal generation of all systems reporting: 


South Central Region 


Total Thermal Generation for All Systems Reporting! 


Years 
1966 1970 1975 1980 1985 1990 2 
Thermal Generation (millions of kwhr)............. 116,033 172,118 264,824 405,662 608, 463 933, 799 
Os COAL. rae ies Cotas: 4.0 « BOOS poet MONE ROAD hee end trate ees 4. 56 4, 28 9. 18 10. 61 11. 52 10, 09 
OF MM ss thgic nara Shes Ako’ oe Pees Aree eke eee . 03 . 07 5 oe . 20 oa . 07 
Ti Gag each Boh me ete Ae oe ene tae, Ort ge A Ne aN 95, 22 95. 47 85. 15 71. 14 55. 69 46. 36 
OANUCIEALR ESS. sin clkadle Ld) 3b abd oP eNele Soo, «OIA ase SANG-CS he os woe SR he 5, 24 17. 98 32. 63 43.45 
O7 Internal: Combustions 2.3... 5 a0? tps certo ee .19 .18 -1l . 07 . 05 . 03 


1 These estimates depend on availability, deliverability, and price. 
2 1990 figure on thermal generation incorporates the higher Gulf States Utilities Company energy estimates. 
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The estimated fossil fuel requirement correspond- 
ing to the generation by fossil fuel generating plants 
projected in the above tabulation is listed in the 
following table: 


Coal required Oil required Gas required 
Year for generation for generation for olan ch 


(million tons) (million (trillion cu ft) 
barrels) 
POGOe. 2. 46 0. 05 22 
1970s SEZ 0.18 1. 64 
SW AGyanae ee 10. 2 1 ll DENY 
$9806. VaR) Toei 2. 68 
FOS Disc c 28. 6 0. 93 oaZ 
IEDs ax 38.5 0. 90 3. 90 


General Discussion of Results 


Over ninety percent of all known gas reserves in 
the contiguous United States lie in the South Central 
Region, and the utilization of relatively short pipe- 
lines with low operating costs has always given nat- 
ural gas a substantial competitive edge over other 
fuels for thermal generating plants in the area. 

Only three systems in this region utilized coal in 
any substantial quantity in 1966 and there are no 
nuclear-fueled plants in operation at this time. 
While natural gas reserves continue to increase, the 
present drilling activities and discoveries of new re- 
serves show little promise of increasing at the same 
rate as the fuel requirements of electric utility com- 
panies during the next twenty-five years. All sys- 
tems thus indicate plans for increased usage of coal 
or nuclear fuels in the period to 1990. 

The southern portion of the region (Texas and 
Louisiana) has ample supplies of gas and oil, no 
mineable bituminous coal to speak of, and large 
deposits of lignite. In the central portion, Arkansas 
has some gas, oil and coal; Oklahoma has ample 
Supplies of both gas and oil, and some coal. The 
northern portion (Kansas and Missouri) has large 
supplies of coal and some oil and gas. Coal is being 
used in increasing quantities in Missouri for power 
generation and will be utilized earlier in Missouri 
and eastern Kansas than it will in the remainder 
of the region; although a lignite-fired plant in Texas 
is scheduled for operation in 1972. Coal could also 
be used early in the study period along inland water- 
ways where the coal could be transported by barge. 

It appears from data submitted by systems within 
the region that individual company estimates of 
future coal prices and installation costs of coal-fired 


plants compared to estimated nuclear fuel prices 
and the capital cost of nuclear plants are widely 
divergent, with some systems projecting new instal- 
lations after 1975 almost all-nuclear and others vir- 
tually all-coal. Other systems project installation of 
nuclear plants early in the period, followed by the 
installation of coal-fired units, in order to obtain a 
mix of base-load capability and peaking capability. 

As to the pattern of development of nuclear ca- 
pacity, it can be said that nuclear plants will prob- 
ably develop first in the northern part of the SCRAC 
region where fuel costs are higher and where the 
alternative plants may be coal-fired. 

In 1966, of all thermal-electric generation in this 
region, 95.22% was from gas-fired plants and 
4.56% from coal-fired plants. By 1980, the break- 
down is forecast to be 71.14% natural gas, 10.16% 
coal, and 17.98% nuclear. By 1990, the forecast is 
46.36% natural gas, 10.09% coal, and 43.45% 
nuclear. 

We must recognize, however, that these projec- 
tions are made on the basis of current nuclear tech- 
nology and projected costs. Although 43.45% of all 
thermal generation is forecast to be from nuclear- 
fueled plants by 1990, the ultimate development 
will depend upon the competitive race between 
suppliers of nuclear fuel and coal. 


Fuel Oil 


One source of thermal energy which does not 
show up significantly in this projection is fuel oil. 
(See Figure 17—Distribution of Oil Reserves, South 
Central Region.) Only two systems in this region 
forecast any substantial use of fuel oil for genera- 
tion during the period. Oil may contribute signifi- 
cantly to the generation requirements of most of the 
systems as the price of natural gas increases. Many 
steam generators now equipped to burn only gas can 
be inexpensively converted to fuel oil operation, 
while the cost to convert to coal might well be prohi- 
bitive. Fuel oil may be particularly attractive in 
areas along the Gulf Coast and the newly developed 
inland waterways because of the accessibility of these 
areas to oil from refineries along the Gulf Coast and 
imported foreign oil. 


Peaking Capacity 


It would appear that if this region is to attain 
the projected generation from nuclear plants by 
1990, there must also be installed a substantial 
amount of peaking capability to utilize the low-cost 
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off-peak generation available from the nuclear 
plants. This could be from pumped-storage hydro, 
gas turbines or some alternate development. It is 
noted that data submitted does not reflect plants to 
utilize any significant capacity of peaking gas 
turbines. 

Energy Storage 


Other methods for the storage of energy during 
off-peak periods must be explored in order to more 
fully utilize the large generating units of the future. 
Several companies in this region are now sponsor- 
ing such a research program, directed toward 
studies of energy storage and conversion. 


Fuel Transportation 


In the past, fuel transportation has not been a 
serious problem for the majority of electric utilities 
in this area. This enviable position resulted from the 
use of easily transported natural gas to meet most of 
their fuel requirements. Considering the increased 
future use of coal discussed above, the transporta- 
tion problems inherent to its use that now concern 
only a few, may become more widespread in this 
region depending upon the location of future plants. 

For plants located near major load centers, 
“unit train” deliveries of coal will probably prove 
most economical. This method is now in use from 
northeastern Oklahoma into the Kansas City and 
southern Missouri areas. Unit trains are also planned 
from Kansas strip mines by 1970 and will be 
utilized more and more as anticipated rate improve- 
ments make them more attractive. 

With a relatively small use of coal in the past, 
neither inland nor coastal barges have been utilized 
for coal transport in this area. Such movement is 
entirely feasible, however, on both the Mississippi 
River and along the Gulf Coast. After 1980, several 
plants in Arkansas and Mississippi plan to barge 
coal from the western Kentucky fields via the 
Mississippi River. 

Barging of coal will also be possible on the Arkan- 
sas River navigation system after its completion in 
1970. Some of this movement will be the shipment 
of coal out of eastern Oklahoma fields to other areas. 
Plants located near both the waterway and coal 
fields will probably utilize short hauls by truck or 
rail direct from the mine to-the plant, so as to elim- 
inate the expense of double-handling for relatively 
short barge hauls. 

On the other hand, future transportation costs 
for coal may make attractive the alternative of lo- 


cating the generating plant at the fuel source and 
transmitting the power rather than the fuel to the 
load area. 

Although specific plant locations will require in- 
dividual economic studies as to the comparable 
costs of transmission lines versus fuel transporta- 
tion, mine-mouth plants are-anticipated in eastern 
Kansas, western Arkansas and in the eastern and 
northeastern areas of Oklahoma after 1980. Lignite- 
fired plants in north central Texas planned for 1972 
and later will also be mine-mouth installations. Sys- 
tems in Kansas and Missouri already utilize mine- 
mouth plants, one using approximately 1.5 million 
tons of coal annually. Other such installations are 
planned for that area up to 1980, at which time all 
economically feasible coal resources are expected to 
be under contract. 

Although the air pollution problem may possibly 
be a factor in the location of some future coal-fired 
plants in the region, the greatest incentive for select- 
ing mine-mouth sites will be the extensive system of 
EHV transmission lines available. Present and fu- 
ture 345 and 500 kv grids in the area will be used 
to transmit power from plants at mine-mouth or 
along inland waterways with minimum additional 
transmission investments. 

Many of the transportation problems which have 
affected the competitive status of coal-fired plants in 
the past will disappear in the next decade, as utiliza- 
tion of the EHV grids permits location of plants 
near the fuel rather than near the load center. 


Gas Contracts 


Pipeline saturation of most gas-producing areas 
by interstate pipeline companies, higher drilling 
costs for deeper production, and the increase in gas 
consumption to a point that equals or exceeds newly 
found reserves, have changed the natural gas mar- 
ket in the last decade from a “buyer’s” to a “sell- 
er’s” market. This change has allowed the seller to 
become more demanding with regard to restrictions 
imposed in the purchase contract. There are some 
views that higher exploration costs and pricing reg- 
ulations somewhat dampens gas exploration. In the 
overall, it would appear that this market trend will 
continue. 


Fuel Resources 


Natural Gas 


In the report, “Future Natural Gas Requirements 
Of The United States,” Vol. 2, June, 1967, pre- 
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pared by the Future Requirements Committee un- 
der the auspices of the Industry Gas Committee, 
projection of total gas requirements by areas is indi- 
cated. Gulf Coast-Region 7, includes Texas, Louisi- 
ana, Arkansas, and Mississippi. Mid-Continent- 
Region 6, includes Kansas, Oklahoma, and Missouri. 
(See Figure 18—Distribution of Gas Reserves, 
South Central Region.) “Gas Facts”, an American 
Gas Association publication, shows proved recover- 
able reserves at the end of 1966 by states. The tab- 
ulation below, which lists requirements, reserves, and 
amount of net reserve added in 1966, may be inform- 
ative. A considerable portion (about 51 percent in 
1965, 1966 and 1967) of the gas produced in Re- 
gions 6 and 7 moves into other regions through the 
interstate pipeline systems. Therefore, the growth of 
requirements in other regions is of great significance 
but the table below may furnish some indication of 
the magnitudes of total supply and requirements. 

The net producton of natural gas in Regions 6 
and 7 in 1966 was 14.5 trillion cubic feet. Of this 
amount, 6.9 trillion cubic feet (47.6 percent) was 
consumed in the area and 7.4 trillion cubic feet 
(51.0 percent) was exported; the remaining 0.2 
trillion was either losses or placed in underground 
storage facilities. Of the 6.9 trillion cubic feet con- 
sumed in Regions 6 and 7, the generation of elec- 
tric energy in the South Central Region accounted 
for 1.22 trillion or about 17.7 percent. In 1990, the 
requirements of gas-fired generating plants in the 
area is estimated to be 3.9 trillion cubic feet—26 
percent of the total requirements of the area 
projected to be 14.9 trillion cubic feet. 

Future gas production will depend on several fac- 
tors including the amount of reserves added each 
year and the growth of the requirements within and 
outside of the Region. If the exportation of gas re- 
mains at 51 percent of the production throughout 
the study period, the required annual production 
in 1990 is estimated to be more than double that of 
1966. If this level of production is reached, the pro- 
jected gas requirements for electric generation in 
the Region will represent about 12.8 percent of this 
production. 


Recent sales of leases for drilling off the Louisiana 
and Texas shores indicated a great deal of interest 
in such development. It is possible that considerable 
quantities of gas exist off the Louisiana and Texas 
shores that will be developed as fast as economics 
will permit. 

Natural gas was originally flared in many oil fields 
because there was no use or market for it. The 
market for it and pipeline systems started growing 
after World War II. In the early days, some of the 
contracts by pipeline systems for gas were as low as 
3¢ to 5¢ per Mcf. There have been examples in the 
past few months where gas has been bought in the 
field as high as 21¢ per Mcf. The projected cost of 
natural gas in 1990 ranges from 21¢ per million 
Btu to 38¢ per million Btu, with the median being 
about 30¢ per million Btu. 


Coal 


Although coal does not supply a major portion of 
the requirements of fuel for power generation at 
this time in the South Central Region, it appears 
that it will play an increasing role beginning in the 
late 1970's. This is evidenced for the majority of 
systems seriously considering use of coal and lignite 
as a fuel for units projected during the period. 

The Region had an estimated coal reserve at the 
end of 1966 of 112,383 million short tons located 
mainly in Missouri, eastern Kansas, eastern Okla- 
homa, western Arkansas, and extensive lignite de- 
posits in Texas. (See Figure 19—Distribution of 
Coal Reserves, South Central Region.) It is difficult 
to obtain accurate estimates of the reserves which 
can be economically recovered in the Region due 
to the many variables which must be considered. 
Some of these are costs of mining (which involve 
depth of overburden if strip mined), depth of seam, 
improvements in efficiency, wage rates, and the 
effects of competitive fuels. 

In reviewing the estimates shown in Table 13 
it appears that the Region has sufficient reserves to 
provide the necessary coal and lignite to supply the 
requirements as estimated during the study period, 
but recovery costs would dictate whether coal would 


Estimated or projected total requirements (billions of 


cu. ft.) Total reserve Net reserve 
end of 1966 added in 1966 
1970 1975 1980 1985 1990 
Rey bth a a eee 1, 391 1, 683 1, 714 1, 714 1, 945 36, 045 2, 295 
Be PIOUNG AIA fe a She ie oh 7, 437 8, 973 10, 182 11, 470 12, 961 211, 562 12, 464 
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be imported into the Region. Coal production in 
the South Central Region in 1966 was about 5.8 
million short tons. 

Breakthrough in some of the research projects in- 
volving gasification of coal at competitive costs 
would enhance the use of fossil fuel reserves which 
might not otherwise be available at competitive 
costs. 

It is felt that the costs of coal in the period con- 
sidered will rise due to the upward trend of operat- 
ing costs but the percentage increase will be kept to 
a minimum by exploitation of unit trains, mine- 
mouth plants and the development of barging from 
fields outside the area. The estimated price of coal 
in the bunker varies from 17 to 29 cents per million 
Btu in 1970 to 25 to 31.5 cents per million Btu in 
1990. 

One major concern is the possibility of duplicat- 
ing reservations on present coal reserves. While there 
now appears adequate reserves, an accelerated rate 
of dedication of economically recoverable reserves 
inside and outside the area will certainly change 
the fuel situation. For this reason, the transportation 
of fossil fuels by pipeline should not be ruled out 
although it has not been economically feasible due 
to a relatively small number of plants using large 
amounts of coal. 


Lignite 


There are lignite deposits in an area of 50,000 
sq. miles in Texas, extending in a belt from the 
northeastern corner of the state in a southwesterly 
direction nearly to the Rio Grande. (See Figure 
19—Distribution of Coal Reserves, South Central 
Region.) The area is not generally underlaid with 
uniform deposits, as has sometimes been supposed, 
but the deposits are in relatively small lens-shaped 
bodies. Deposits vary in thickness from a few inches 
to 14 ft. with most mineable deposits 6 to 9 ft. 
thick. In most cases the deposits are 40 to 150 ft. 
deep and both the floor and the roof are of clay 
or soft shale. There is an estimated 30 billion tons 
of lignite in the state, but much does not meet 
commercial standards. 

Texas Power & Light Company was the first user 
of lignite in large quantities. Pulverized lignite was 
first used in 1926 to fire four steam generating units 
driving two 20,000-kw turbine-generators, Two 
more steam generating units driving a 35,000-kw 
turbine-generator were started in 1931. Due to the 
abundance of low cost gas, these steam generators 
were converted to gas firing by 1944. 


Lignite was not used again for boiler firing until 
1953. The three Alcoa 120,000-kw units at Rock- 
dale have continuously been fired with lignite since 
that date. 


Nuclear Activities in South Central Region 
AP&L’s Nuclear Power Plant 


At present, there are no nuclear power plants 
operating in this region. However, Arkansas Power 
& Light Company plans to start construction in 
late 1968 on the first nuclear power generating sta- 
tion in the southwestern United States. This will 
be an 850,000-kw facility, will cost approximately 
$140 million, and commercial operation is sched- 
uled for December 1972. The plant will be built 
on the Arkansas River near Russellville in north- 
west Arkansas on a 1,100-acre tract. The proposed 
site for this plant is on a peninsula at the Dar- 
danelle Reservoir and is accessible by barge, rail, 
and interstate highway. Fuel loading is scheduled 
to begin in July 1972 and is expected to be com- 
pleted in September of that year. 


SEFOR Project 


Seventeen investor-owned electric power com- 
panies, General Electric Company, the Atomic 
Energy Commission, and the Karlsruhe Nuclear 
Research Center of West Germany, are cooperat- 
ing in the development of the Southwest Experi- 
mental Fast Oxide Reactor (SEFOR) near 
Fayetteville in northwest Arkansas. The purpose of 
the SEFOR research project is to obtain physics 
and engineering data at various fuel compositions, 
temperatures, and crystalline states characteristic 
of power reactor operating conditions. SEFOR is 
particularly designed for the systematic determina- 
tion of the Doppler coefficient of reactivity at tem- 
peratures up to the vicinity of fuel melting. 

The SEFOR project consists of two major parts: 
the design and construction of the reactor facility 
and related research and development program. 
Funds for the design and construction of the 
facility are being provided by the investor-owned 
electric companies, the Federal Republic of West 
Germany and the prime contractor, General Elec- 
tric. Research and development funds will be fur- 
nished by AEC. Total cost is estimated at $27 
million. Reactor start-up is scheduled for late 1968. 
No power will be generated at the project; it will 
generate steam and heat exchangers will transfer 
the resulting heat from the steam to the atmosphere. 
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To move forward the day when a prototype fast- 
breeder reactor plant can be placed in operation, 
S.A.E.A. companies are joint sponsors of a $750,000 
design study. General Electric will complete the 
study by 1970 in order to have preliminary design 
work completed for a plant in the 300,000-kilowatt 
range. 


Texas Atomic Energy Research Foundation 
Program 


The Texas Atomic Energy Research Foundation 
was formed in April 1957 and in May 1957 entered 
into a research agreement with the General Atomic 
Division of General Dynamics Corporation provid- 
ing for support of research in controlled thermonu- 
clear reactions at the John Jay Hopkins laboratory 
in San Diego, California. The initial contract 
was for a term of four years and it was twice re- 
newed for a total term of ten years. It expired 
April 30, 1967. 

In 1963, the Foundation began supporting re- 
search in fusion and plasma physics at the Univer- 
sity of Texas. The initial research agreements have 
been extended periodically, the latest extension 
being that announced by Governor Connally in 
September 1966, under which the Foundation will 
continue to support fusion research at the Uni- 
versity of Texas for an additional two years, that 
is, until April 30, 1969, in the amount of some 
$350,000 per year. Some work was also sponsored 
at Texas A & M University; this work was con- 
cluded on April 30, 1967. 

The Foundation has conducted a number of an- 
cillary activities in connection with its research ef- 
forts. These have included summer fellowships at 
General Atomic for Texas graduate students, visit- 
ing scientist and professor exchange programs with 
General Atomic, the four-day high school science 
symposiums which have been held annually at the 
University of Texas since 1960, and graduate level 
seminars on controlled thermonuclear research. The 
Foundation has participated in about 40 one-day 
science symposiums in various cities of Texas spon- 
sored by the member companies and attended by 
some 24,000 students and teachers. 


Westinghouse Fast-Breeder Development 


Some twenty-two utilities, including several of 
this Region (Houston Lighting & Power Company, 
Dallas Power and Light Company, Texas Electric 
Service Company, and Texas Power and Light 


Company) are participating in the first phase of the 
Westinghouse Electric Corporation’s liquid metal 
fast-breeder reactor development program, which 
Westinghouse is conducting at its facilities at Waltz 
Mill, Pennsylvania. 

Because the fast-breeder reactor produces more 
nuclear fuel than it consumes as it operates, it holds 
the promise of producing electricity at a lower cost 
than any other presently known methods. The 
program will lead to the design and construction 
of a sodium-cooled fast-breeder reactor which will 
have a generating capacity between 200,000 and 
400,000 kilowatts. 

In addition to the twenty-two utilities that have 
agreed to support the first phase of the program, a 
number of other electric utility companies, along 
with the U.S. Atomic Energy Commission, have 
been invited to support the first phase of the project. 
Some of the utilities are providing manpower, as 
well as financing, for the first phase of the pro- 
gram. Some of the utilities participating in the first 
phase may elect to participate in the construction 
of a prototype plant to be built in the second phase. 


Gulf General Atomic Project 


More than 20 electric utilities of the United 
States, including several in the South Central Re- 
gion, have contracted with Gulf General Atomic, 
Inc., for conducting a two-year research and de- 
velopment program to be completed about the end 
of 1969. The work is intended as initia] steps toward 
the attainment of a full-scale gas-cooled fast-breeder 
reactor power plant for commercial utility service; it 
is aimed to demonstrate potential advantages of 
high gain breeding with economically attractive costs 
of power. 


Uranium Development in South Central 
Region 


Kerr-McGee Corporation Developments in 
Oklahoma 


Kerr-McGee Corporation will construct a $25 
million uranium conversion plant on a 1,500-acre 
site in Sequoyah County near Sallisaw, Oklahoma. 
The plant is being designed by Bechtel Corporation 
of San Francisco. It will utilize a modification of 
classical conversion processes wherein U3QOg 1s first 
refined by solvent extraction, after which the re- 
fined uranium is hydrofluorinated with anhydrous 
hydrofluoric acid and then fluorinated with ele- 
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mental fluorine. The plant is designed to handle 
some 5,000 to 10,000 tons of uranium ore per year. 

Confluence of the Arkansas and Illinois Rivers, 
adjoining the western boundary of the site, forms 
the headwaters of the Robert S. Kerr Reservoir 
which is now under construction. The land is about 
15 miles west of Sallisaw. 


Project Gasbuggy 


Some mention should be made of Project Gas- 
buggy, which was an underground nuclear explo- 
sion, to release natural gas, detonated in New 
Mexico on December 10, 1967; it may have been a 
success. Considerable amounts of gas were liberated 
and the radioactivity of the gas was less than antic- 
ipated, according to an announcement by U.S. 
Officials at the 17-nation disarmament conference 
in Geneva. The initial tests were taken from a reen- 
try well drilled into the broken rock. Final results 
cannot be known for a year or two. The experiment 
is conducted by the El Paso Natural Gas Company, 
the Interior Department’s Bureau of Reclamation, 
and the Atomic Energy Commission. Preliminary 
technical data has been released by the participants 
of the project. The scientists working on the project 
say the most important information to be obtained 
from the experiment—on radioactivity, gas flow in- 
creases related to fracturing, gas pressure and gas 
production testing—will be gathered and analyzed 
over the next year or more. After that, conclusions 
can be drawn about the results of the experiment. 


Air Quality 


Natural gas, a relatively “clean-burning”’ fuel, is 
in great abundance in the South Central Region. It 
is the principle source of primary energy for all 
uses, as well as for the generation of electric power. 
Thus, in 1966, except for Alcoa’s lignite-burning 
plant at Rockdale, Texas, essentially all of the elec- 
tricity in Texas, Oklahoma, Arkansas, Louisiana, 
and the western part of Mississippi was generated 
with natural gas. Practically all the coal which is 
being used for electric power generation in the 
South Central Region is consumed in Kansas and 
Missouri, where indigenous coal is more readily 
available at prices competitive with natural gas. The 
proportion of electric power generated with coal in 
the SCRAC region of Kansas and Missouri in 1966 
was 8 percent and 64 percent, respectively. It is in 
this portion of the South Central Region, therefore, 
that air pollution abatement is becoming an issue of 


increasing concern. This is particularly so because 
of the anticipated 15-fold increase in the use of coal 
for electric power generation in the Region, most of 
which will take place in Kansas and Missouri. Some 
plans are underway for the construction of coal- 
fired capacity in Oklahoma and additional lignite- 
fired capacity in Texas. The use of residual fuel oil 
has been and is expected to remain at a very insig- 
nificant level. 

In 1966, electric utilities in Kansas and the west- 
ern portion of Missouri consumed about 2.5 million 
tons of coal, about 40 percent of it in the seven coun- 
ties (both in Kansas and Missouri) surrounding 
Kansas City which encompasses the Kansas City 
Metropolitan Area. The projected use of coal for 
the entire Region by 1990, including new commer- 
cial developments in Oklahoma and the Texas lig- 
nite field, is 35 to 40 million tons annually. Although 
some coal may be brought into the area from the 
high sulfur-bearing coal fields of Illinois and west 
Kentucky by barge on the Mississippi and Arkansas 
Rivers, the bulk of the future electric utility demand 
will most likely be satisfied with local coal. 

The coal reserves of the South Central Region 
are large; including all of the coal in Missouri, most 
of which is located in the western portion of the 
state, the measured, indicated and inferred reserves 
of coal in the Region exceed 110 billion tons. In ad- 
dition, there are about seven billion tons of commer- 
cial quality lignite in Texas. Except for a relatively 
small share (3 billion tons) of high metallurgical 
grade coking coal, the bulk of the coal reserve in the 
Region is relatively high in sulfur content. 

The near future prospects for the abatement of 
sulfur oxide emissions are not encouraging. Al- 
though much effort is currently being expended in 
the development of an effective method for limit- 
ing sulfur oxide emission, and although several proc- 
esses are already being offered commercially and 
are being tested at scattered locations around the 
country, none of the proposed methods have yet been 
demonstrated to be adequate in full-scale, full-load 
application. To date, the only assured way of reduc- 
ing sulfur oxide emissions is to reduce the sulfur 
content of the fuel—a rather dim prospect for coal- 
burning plants in the South Central Region where 
the bulk of the coal reserve in place contains 3 to 5 
percent sulfur. In 1966, the coal as burned by the 
electric power industry of the Region averaged 3.2 
percent sulfur. 

The Kansas Power and Light Company in con- 
nection with Combustion Engineering Company is 
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testing the “dolomite injection—wet scrubbing” 
method (Combustion Engineering Process) in Units 
4 and 5 of the Company’s Lawrence Station. Instal- 
lation of control equipment is nearing completion in 
Unit 4 which has a 125-mw, tangentially-fired 
steam generator and has been operating since 1960. 
Unit 5 is under construction for service in 1971. It 
will have a 420-mw, tangentially-fired steam gen- 
erator. It is anticipated that this system will remove 
at least 83 percent of the sulfur dioxide and 99 per- 
cent of the fly ash. 

If the test proves to be a success, the “dolomite in- 
jection—wet scrubbing” process will be considered 
at other coal-fired power plants in the region, at 
least until some other more effective method has 
been demonstrated. 

Until, however, a satisfactory technology for limit- 
ing sulfur oxide emissions becomes available, pollu- 
tion abatement efforts will have to give proper 
consideration to various alternatives, including erec- 
tion of tall stacks and construction of new power 
plants at remote mine sites, in order to enable the 
continued utilization of local fuel resources. 

At present there is considerable emphasis in the 
Missouri-Kansas area on air pollution abatement, 
as evidenced by the activity at federal, state and local 
levels. The federal government gave the growing 
air pollution problem official recognition when, in 
1955, it authorized the Department of Health, Edu- 
cation, and Welfare (HEW) to conduct a program 
on air pollution, to engage in research, and to pro- 
vide technical assistance to municipalities and state 
agencies. 

In 1963 Congress passed the Clean Air Act di- 
recting HEW to initiate a broad program of re- 
search, to publish criteria on the various air 


pollution agents, and to provide technical assistance 
and other aids to state and local air pollution abate- 
ment agencies. Additionally, HEW was to administer 
federal aid grants to establish and maintain regional, 
state and local air pollution abatement programs. 
HEW’s legal authority was limited to interstate pol- 
lution cases and then only when a specific request 
for assistance was made by the Governor of one or 
more of the states involved. 

The Clean Air Act was amended in 1965 to pro- 
vide a mechanism for preventing and limiting the 
spread of air pollution. The Air Quality Act of 1967, 
a further amendment of the 1963 Clean Air Act, 
reaffirmed the principle of state control over air 
pollution problems; however, it gave HEW greater 
powers of enforcement. HEW was directed to set 
up air quality control regions, publish criteria and 
information on control techniques, and to promote 
research. The states were to set their own standards; 
but, failing to do so, standards could be set by HEW 
and enforced through court action. 

In an effort to initiate a program of air pollution 
abatement in the Kansas City Metropolitan Area, 
Kansas City, Missouri, and Kansas City, Kansas, 
have enacted ordinances to enable their air pollu- 
tion abatement agencies to take the required action 
toward air pollution abatement. 

A broader effort on the part of Missouri and 
Kansas to enact a bi-state compact is evident in 
that the two states have recognized that ambient 
air is not confined by the common boundary 
between them and that they are committed to a 
clean air program through eventual establishment 
of uniform standards and cooperative control and 
enforcement procedures. 
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CHAPTER 3 
RECOMMENDATIONS FOR COORDINATED PLANNING AND DEVELOPMENT 


The purpose of this chapter is to recommend 
practices that will increase the reliability of bulk 
electric power supply through coordination of plan- 
ning and operation of interconnected systems in the 
area. The principles and practices outlined in this 
chapter relate to the interconnected systems of the 
electric utilities of the region responsible for provid- 
ing reliable electric power service in those areas 
where each system holds itself ready, able, and will- 
ing to provide such service. Each individual system 
has the responsibility to (a) provide enough power 
and energy to supply its customers’ requirements, 
and (b) to provide transmission facilities adequate 
to furnish the electrical requirements of its custom- 
ers at system load centers. Usually, individual 
systems can discharge their basic power supply 
responsibilities more efficiently through participa- 
tion in coordinated planning. 


Need for Coordination 


The growth of interconnections, the expanded use 
of EHV transmission, and the installation of larger 
generating units have made additional coordina- 
tion among individual systems on an area basis es- 
sential in insuring the reliability of electric bulk 
power supply. It is believed that such coordination 
should be concerned with: first, the elimination of 
any possibility of cascading or propagating outages ; 
and secondly, with any advantages that result 
through the coordinated planning of joint power 
supply. The interconnected systems in the South 
Central Region have already adopted certain prac- 
tices and principles that have resulted in a com- 
paratively high degree of coordination. The actions 
of these groups are recognized in the next section 
entitled “Existing Coordinating Organizations.” 
The coordinating organizations will continue to ex- 
pand as the systems grow and larger areas are in- 
cluded in the power supply studies for future 
expansion. The Southwest Regional Group of the 


Interconnected Systems Group embraces more sys- 
tems (investor-owned, federal, state, G & ‘T cooper- 
ative, and municipal) than any organization in the 
Region. Through it, uniform practices for inter- 
connected operation have been achieved, and its 
role in the future will be even more important as 
additional systems become part of the intercon- 
nected system. 


Existing Coordinating Organizations 


Southwest Regional Group 


The Southwest Regional Group (SWRG) is 
composed of 49 electric utility systems plus six 
other groups in the states of Nebraska, Kansas, Ok- 
lahoma, southeastern Missouri, Arkansas, Texas, 
Louisiana, and western Mississippi. The SWRG is 
a voluntary, noncontractual organization whose ob- 
jective is satisfactory and effective operation be- 
tween the various systems and groups within the 
Southwest Regional Group and with systems of 
neighboring groups. Membership is open to any 
electric system located in the above states. 

The organization had its beginning in mid-1943 
to coordinate the operations of the various systems 
to enable them to give good service to essential war 
loads in the area. In January 1945, the Southwest 
Regional Group was formally admitted to the Inter- 
connected Systems Group. The following list of 
standing committees of SWRG demonstrates the 
activities, duties, and responsibilities constituting the 


functions of SWRG: 


1. Advisory Committee 

2. System Operators and Dispatchers Com- 
mittee 

Communications Committee 

Tie-Line and Load Regulating Committee 
. Reserve Capacity Committee 

. Spinning Reserve Committee 

. Civil and Industrial Defense Committee 

. Information Committee 
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Membership in the Southwest Regional Group is 
as follows: 


Arkansas-Missouri Power Co. 

Arkansas Power & Light Co. . 

Middle South System 

Southwest Power Pool 

South Central Electric Cos. 

Arkansas State Electric Coop. 

Kansas Gas & Electric Co. 

Kansas Power & Light Co. 

Kansas City, Kansas, Board of Public Utilities 

Central Telephone & Utilities 
Corp.—Western Power Div. 

Central Kansas Power Co. 

Central Louisiana Electric Co. 

New Orleans Public Service, Inc. 

Louisiana Power & Light Co. 

Southwestern Electric Power Co. 

Middle South Services, Inc. 

Mississippi Power & Light Co. 

The Empire District Electric Co. 

Missouri Public Service Co. 

Kansas City Power & Light Co. 

St. Joseph Light & Power Co. 

City of Springfield, Missouri 

Central Electric Power Coop. 

M &A Electric Power Coop. 

NE Missouri Elec. Power Coop. 

NW Electric Power Coop., Inc. 

Sho-Me Power Corp. 

Medina Electric Coop., Inc. 

Independence, Mo., Municipal Lighting Plant 

Missouri Utilities Co. 

Associated Electric Coop. 

Consumers Public Power District 

Nebraska Public Power System 

Omaha Public Power District 

Grand River Dam Authority 

Oklahoma Gas & Electric Co. 

Public Service Company of Oklahoma 

KAMO Electric Cooperative 

Western Farmers Electric Coop. 

Southwestern Power Administration 

Central Power & Light Co. 

Central & South West Operating Committee 

San Antonio, Texas, City Public Service Board 

Dallas Power & Light Co. 

Gulf States Utilities Co. 

Lower Colorado River Authority 

Southwestern Public Service Co. 

Texas Electric Service Co. 


Texas Power & Light Co. 

West Texas Utilities Co. 

Austin Water, Light & Power 
Houston Lighting & Power Co. 
USCE, Dallas, Texas 

Brazos Electric Power Coop., Inc. 
Southwestern Electric Service Co. 


Southwest Power Pool 


The Southwest Power Pool is a regional coordi- 
nating organization composed of 15 investor-owned 
electric utility companies (Members) ; five addi- 
tional companies called Supporting Members; and 
three public power systems which are Contributing 
Members. During World War II when it was 
learned that Arkansas was being considered as a 
location for a primary aluminum reduction plant, 
the Southwest Power Pool was organized by 11 of 
the present member companies or their predeces- 
sors, except that Texas Power & Light Company 
also participated. At the termination of the con- 
tract with Defense Plant Corporation in 1946, a 
new coordination agreement was signed which pro- 
vided that the pool office would continue to 
function in a study and planning capacity. At the 
present time, the Southwest Power Pool coordina- 
tion agreement is being reviewed and revised more 
along the lines of a reliability document and, fur- 
ther, to provide for extended membership, particu- 
larly to municipal electric systems, Under the 
auspices of an Executive Committee and an Oper- 
ating Committee, the following coordination activi- 
ties are accomplished: 


1. Coordinated load projections are made, 
including present and future power require- 
ments and capabilities of participants. 

2. Coordinated system reserve analyses are 
prepared annually. 

3. The Pool sponsors system stability studies. 

4. Reports covering all segments of the indus- 
try are prepared showing joint participation 
and the staggering of generating facilities. 

5. Load duration and power energy curves are 
prepared, including a monthly operating 
report showing actual load shapes. 

The Pool is a coordinating and planning group 
and not an operating pool. As one of the 12 
coordinating groups of the National Electric Re- 
liability Council (NERC) which was formalized in 
New York on June 11, 1968, the Southwest Power 
Pool will: 
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1. Develop interregional reliability arrange- 
ments ; 

2. Exchange information with respect to 
planning and operation matters relating to 
bulk power supply ; 

3. Review regional and interregional activities 
on reliability ; 

4. Provide independent review of interregional 
matters; and 

5. Provide information where appropriate to 
Federal Power Commission and to other 
federal agencies with respect to matters 


considered by the council. 


The present participants in the Southwest Power 
Pool are as follows: 
Members: 


Arkansas-Missouri Power Company 

Arkansas Power & Light Company 

Central Louisiana Electric Company, Inc. 

The Empire District Electric Company 

Gulf States Utilities Company 

Kansas Gas and Electric Company 

Louisiana Power & Light Company 

Mississippi Power & Light Company 

Missouri Public Service Company 

Missouri Utilities Company 

New Orleans Public Service, Inc. 

Public Service Company of Oklahoma 

Southwestern Electric Power Company 

Central Telephone & Utilities Corporation— 
Western Power Division 

Oklahoma Gas & Electric Company 


Supporting Members: 
The Kansas Power & Light Company 
Kansas City Power & Light Company 
Missouri Power & Light Company 
Missouri Edison Company 
St. Joseph Light and Power Company 


Contributing Members: 
Southwestern Power Administration 
Nebraska Public Power System 
Omaha Public Power District 


South Central Electric Companies 


The South Central Electric Companies (SCEC) 
is an association of 11 privately-owned electric 
utility companies operating’in the South Central 
area of the United States. In 1959, Mississippi 
Power & Light Company started negotiations with 
Tennessee Valley Authority (TVA), using as a 


basis their 1951 contracts, and investigated the 
possible interchange of seasonal diversity capacity. 
Contracts were arranged by adjoining companies 
and through Mississippi Power & Light Company 
to TVA for the exchange of seasonal diversity of 
1,500 mw by 1968. Additional service schedules 
under these contracts provide for deferred diversity 
capacity, firm power purchases, economy energy 
sales, and emergency service. 

In order to implement the several contractual 
agreements, the participants signed a coordination 
agreement in 1964 which, among other things, 
provides for an operating committee whose primary 
duties are: 


1. To review load and capability forecasts for 
the participants. 

2. To conduct joint planning studies relating 
to the generating and transmission require- 
ments of participants. 

3. To determine minimum reserve capacity 
requirements. 

4. To coordinate maintenance schedules. 

5. To establish such operating procedures as 
may be beneficial to 
operation. 


interconnected 


6. To establish budgets and approve expendi- 
tures. 

7. To adopt methods for the determination of 
incremental power losses. 


Member companies of the South Central Electric 
Companies are as follows: 


Arkansas Power & Light Company 
Central Louisiana Electric Company 
The Empire District Electric Company 
Gulf States Utilities Company 
Kansas Gas & Electric Company 
Louisiana Power & Light Company 
Mississippi Power & Light Company 
New Orleans Public Service, Inc. 
Oklahoma Gas & Electric Company 
Public Service Company of Oklahoma 
Southwestern Electric Power Company 


Missouri-Kansas Pool 


The Missouri-Kansas Pool (MOKAN) is a multi- 
contractual arrangement among five privately- 
owned electric utility systems operating in western 
Missouri or eastern Kansas or in both states. Dis- 
cussions leading to the formulation of the MOKAN 
Pool began in 1959 and under date of March 28, 
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1962, the basic participants executed a General Par- 
ticipation Agreement which is the nucleus of the 
Pool and, in essence, provides for: 


1. The further interconnection of their 
systems; 

2. The sharing of reserve generating capacity 
as a means of reducing their reserve 
capacity requirements; 

3. The exchange of standby service among 
such participants to maintain service 
reliability; and 

4. A continuing operational and administra- 
tive relationship to achieve operating 
economies and reliability through coordi- 
nated planning, operations, transactions 
and arrangements among members and 


others. 


In June 1965, three additional contracts (the 
Missouri Facilities Agreement, the Kansas Facili- 
ties Agreement, and the Missouri-Kansas-Coordina- 
tion Agreement) were executed providing for the 
construction of strong 345-kv interconnecting facili- 
ties to increase interchange capability among four 
of the basic participants and to provide intercon- 
nections to Union Electric Company and Oklahoma 
Gas & Electric Company. 

Under the first mentioned General Participation 
Agreement, and Executive Committee was estab- 
lished for policy guidance and an Operating Com- 
mittee was established with the following functions: 


1. Determining operating rules and_proce- 
dures, including the preparation of an 
Operating Manual; 

. Coordinating maintenance schedules; 

. Determining spinning reserve requirements; 

. Coordinating load projections; 
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. Making stability studies and recommending 
additional transmission facilities as needed; 


o>) 


. Coordinating standards for operation of 

interconnections; 

7. Coordinating plans and recommending ad- 
ditional generating capacity installations 
and power purchase arrangements; and 

8. Supervising all other phases of intercon- 

nected operation. 


The basic participants have entered into satellite 
contractual arrangements with other area power 
suppliers and, in effect, these suppliers are “Satellite 
Members” of the MOKAN Pool, participating in 


reducing reserve capacity requirements, exchange 
of standby service, firm power and economy energy 
transactions, coordination of load projections, sys- 
tem planning, maintenance scheduling, and spin- 
ning reserve supply. The Basic and _ Satellite 
Membership of MOKAN Pool is as follows: 

Basic Membership: 


Kansas City Power & Light Company 
Missouri Public Service Company 

The Empire District Electric Company 
Kansas Gas & Electric Company 

The Kansas Power & Light Company 


Satellite Members: 

St. Joseph Light & Power Company 

The Board of Public Utilities of Kansas City, 
Kansas 

The City of Independence, Missouri 

Central Telephone & Utilities Corporation— 
Western Power Division 

Associated Electric Cooperative, Inc. 


Missouri Integration Arrangement 


The Missouri Integration Arrangement became 
operative in 1962 between three utilities operating 
in western Missouri and eastern Kansas and the 
Associated Electric Cooperative (an agent for the 
Missouri REA cooperatives). Under the arrange- 
ment and commencing on June 1, 1965, hydro ca- 
pacity (478,000 kw) and energy are purchased from 
the Southwestern Power Administration and used 
to effect and share economies of operations through 
coordinated scheduling as follows: 


1. By scheduling its delivery to meet peak loads 
of their interconnected systems; 

2. By its exchange to take advantage of season- 
al and daily diversity between system peak 
loads; 

3. By its storage and the utilization of the total 
thermal generation for off-peak energy re- 
quirements to conserve water during low- 
water periods; and 

4. By utilization of excess hydro energy as a 
substitute for higher cost thermal energy 
during flush water periods. 


Signatories to the Arrangement are: 
Associated Electric Cooperative, Inc. 
Kansas City Power & Light Company 
Missouri Public Service Company 
The Empire District Electric Company 
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Texas Interconnected System 


The Texas Interconnected System (TIS) is com- 
posed of a total of nine publicly-owned and pri- 
vately-owned electric systems providing some 80 
percent of the electric power requirements within 
the State of Texas. The purpose of TIS is to provide 
effective area-wide coordination of planning and 
operation of bulk power supply facilities to obtain 
maximum reliability. The Administrative Commit- 
tee and Technical Planning and Operating Sub- 
committees have the following functions: 


1. Determination of spinning reserve require- 
ments; 

2. Analysis of installed generating capacity re- 
quirements; 

3. Transmission system study ; 

4. Investigation of interconnection require- 
ments; 

5. Transmission line loading under normal and 
abnormal conditions ; 

6. Review of automatic under-frequency load 
shedding relays and settings; 

7. Adoption of criteria for planning and op- 
erations; and 

8. Determination of bias settings. 


Members of the Texas Interconnected System are 
as follows: 


The City of Austin, Texas 

Central Power & Light Company 

Dallas Power & Light Company 
Houston Lighting & Power Company 
Lower Colorado River Authority 

San Antonio City Public Service Board 
Texas Electric Service Company 

Texas Power & Light Company 

West Texas Utilities Company 


TIS is divided into two load control areas. In- 
formation on individual ‘system condition which 
affects bulk power supply is channelled through 
the area load dispatch office to other members of 
TIS. 


Texas Municipal Power Pool 


The Texas Municipal Power Pool consists of 
three municipal electric systems and Brazos Elec- 
tric Power Cooperative, Inc. The Cooperative 
serves 19 distribution cooperatives located in cen- 
tral Texas. The Pool provides for a Technical 
Committee to promulgate the following items of 
coordination: 


ie Comparison and approval of load projec- 
tions of members; 

2. Coordinated generation installation sched- 
ules; 

3. Exchange of capacity and energy; 

4, Allocation of spinning reserve ; 

5. Coordination of maintenance outage sched- 
ules ; 

6. The investigation of installing economic 
dispatch facilities. 


The planning for the Pool began as early as 
1952 but did not reach fruition until 1963. The 
requirements for participation are negotiation with 
the existing members. Current members are: 


Brazos Electric Power Cooperative, Inc. 

City of Garland Municipal Electric System 

City of Greenville Municipal Electric System 

City of Bryan, Texas Municipal Electric 
System 


Participation in Coordination 


The number of electric utilities participating in 
coordination should be kept to a manageable size 
to permit effective communication and cooperation 
among all its members. The geographical area of 
coordination should be limited in extent so that 
adequate transmission ties and associated equip- 
ment may be constructed in such a way as to per- 
mit reliable and economical flow of electric energy 
throughout the coordinated area. 

Coordination of planning, development, and 
operation of electric systems should be carried out 
by those interconnected electric utilities whose 
planning and operation of generation and trans- 
mission facilities have a major effect on the reli- 
ability of bulk power supply in the area. Any 
system that purchases its power supply, or a major 
part of its power supply, may participate in area 
coordination through the agency of the system that 
directly or indirectly furnishes its power supply. 


Functions Requiring Coordination 


Although the corporate functions and responsi- 
bilities of each member must be recognized fully, 
the interconnected group operates as a single 
system in some respects. (Certain aspects of bulk 
power supply planning and operation should be 
coordinated first by subgroups and then by the 
entire coordinated area.) Among the items that 
should be coordinated are: 
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1. Timing, size and location of new generating 
units 
2. Amount and location of planned reserve 
capability 
3. Operating voltages of major transmission 
lines 
4. Timing, size and location of new transmis- 
sion lines 
5. Normal and emergency loading of inter- 
connections 
6. Relay characteristics and settings 
7. Amount and location of spinning reserve 
8. Interconnected system operation 
9. Maintenance schedules 
10. Load shedding procedures during emer- 
gencies 
11. Operating procedures during emergencies 
12. Criteria for system stability and reliability 
13. Pollution abatement and control 
14. Interchange of information. 


Procedure for Coordination 


General provisions for coordinated area planning 
and development and operation of the intercon- 
nected system should be set forth in a coordination 
agreement among the participants. Such an agree- 
ment should include the purposes, functions, organi- 
zational structure and procedures for effectively 
carrying out area coordination. It will probably 
represent a formal expression of policies and pro- 
cedures that have evolved over a period of many 
years. It should assist each participant in discharg- 
ing its individual responsibilities. Coordination must 
be effected without increasing or tending to increase 
the cost of service to one system in order to provide 
a benefit or benefits to another system. 

Provisions should be made for the performance 

and evaluation of load flow and stability studies 
where such joint studies are required for effectively 
coordinating the planning and operation of the 
area’s bulk power supply. 
_ The Southwest Power Pcol and the Texas In- 
terconnected System are recognized as regional co- 
ordinating areas and each is represented on the 
National Electric Reliability Council. 


Hydro-Thermal System Coordination 


Operation of a combined peaking hydro-thermal 
generating system poses problems not found in either 


the all-hydro or all-thermal system. The combined 
hydro-thermal system must plan to use hydro ca- 
pacity with its limited firm energy to supply annual 
system peak loads, if it is to be a reliable and valua- 
ble power supply component. Thermal power and 
energy is used to supply the remainder of the load, 
but in good water supply years advantageous fuel 
savings may be attained by using the excess hydro 
energy. 

Hydroelectric peaking power projects, pumped- 
storage projects, and seasonal diversity power inter- 
changes must be coordinated with thermal resources 
if they are to be a dependable source of power in 
the Region. Such peaking power projects with lim- 
ited availability of energy are designed to carry part 
of the daily loads on the systems during the sea- 
son that the annual peak loads occur. They are a 
reliable source of power only if capacity and energy 
are available for the duration of the period when the 
maximum peak load could occur. 

Studies in the Region have established that dur- 
ing hot weather the daily peak load period extends 
over many hours. Peak load days in the Region oc- 
cur when high temperatures occur, and records 
show that high temperatures have occurred on 
more than 40 days during each of several summer 
seasons. Many of the days of high temperatures are 
consecutive resulting from prolonged heat storms 
and drought. The magnitude, daily duration, and 
seasonal duration of peak loads that might occur 
are well established. 

Coordination of hydro peaking capacity for in- 
creased reliability of bulk power supply requires the 
conservation of hydro energy at all projects, to make 
certain the maximum amount of hydro capacity in 
the area is available and dependable during ex- 
tended and repeated daily peak load periods under 
the most severe conditions of heat storms and 
drought of record. 

Coordination of pumped-storage capacity for in- 
creased reliability of bulk power supply allows as 
dependable capacity only that amount of pumped- 
storage capacity that can be shown to have enough 
energy so as to be available each day for the dura- 
tion of seasonal peak loads, when assigned that por- 
tion of the peak load other than the portions as- 
signed to other capacity with limited amounts of 
energy. 

Some coordination of the peaking hydro capacity 
in the area has been achieved, and improved 
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coordination in planning the expansion of peaking 
hydro-thermal systems is a major goal of the Region 
for increasing the reliability of the power supply. 
Coordinated operation of existing hydro projects 
requires continual studies for re-evaluation of the 
amount of hydro capacity available during the 
periods of maximum heat storms and drought as 
the loads and resources of the Region change. 


Survey of Systems in Region 


In the South Central Region, there is a total of 
628 utility systems engaged in the delivery of elec- 
tric power and energy to approximately eight 
million customers. The following tabulation gives 
a breakdown as to ownership, capacity, and facili- 
ties as of December 31, 1966. 


Number of Number of Number of 
systems systems systems Generating 
Ownership Total engaged in engaged in engaged in capacity 
generation & distribution generation & 
transmission only distribution Megawatts Percent 
only 
iinvestor-ownedermeer ie ere etree 31 27 ] 3 25, 938 1955 
Publiei(Non=tederal) saree eee 396 5 223 168 4, 796 14.7 
COODEraNVES.<oo. poeee es e 205 13 192 0 650 Meg, 
Federal state. eye eee ee ere 2 Z 0 0 1, 329 aa 
J Otalse satin es Sa aceeee 634 47 416 171 


S20E3S 100. 0 


As shown by the table, 416 or 66 percent of these 
utility systems are engaged solely in the distribution 
of electric energy obtained from others and, there- 
fore, are not responsible for the planning, construc- 
tion or operation of the bulk power supply facilities 
of the Region. About 80 percent of the power re- 
quirements are provided by the generation and 
transmission facilities of approximately 30 investor- 
owned systems. These systems have organized into 
groups for coordinated planning and operation of 
the bulk power supply, because such an arrangement 
keeps the size of the groups to a workable, efficient 
organization, immediately responsible to the needs 
of the customers and the opportunities to give better 
service. 

The federal, state, and cooperative G & T systems 
supply over 8 percent of the power requirements 
of the Region, and these systems are interconnected 
with neighboring systems under suitable contracts 
that provide coordination to the extent agreed 
upon. 

A questionnaire was mailed to 191 systems in the 
SGRAC Region soliciting answers that would 
reveal the extent of and the interest in coordina- 
tion. The answers to the survey questionnaire by 
municipal systems that supply about 12 percent of 
the power requirements in the Region are analyzed 
in the following paragraph. 

A total of 67 replies were received—37 from 
municipal systems. Of these, 7 are members of co- 
ordinating organizations and 15 indicated interest 


in coordinating organizations. These 15 municipal 
systems have generating capacity of nearly 500,000 
kw and 10 of them—with a capacity of more than 
450,000 kw—are interconnected with one or more 
neighboring utilities with whom some degree of 
coordination exists or is available. The remaining 
5 municipal systems account for less than 0.15 of 
1% of the generating capacity in the Region. A 
few of the answers indicate that the interest is solely 
for economic reasons rather than for coordination 
and reliability based on electric system rate struc- 
tures. About 95% of the generating capacity in the 
Region is interconnected under agreements that in- 
dividually provide the degree of coordination be- 
tween the systems, and under which the benefits of 
advancing technology are shared by all the 
customers. 


Future Coordinating Requirements 


In planning the power supply facilities of the 
future, each system is responsible for the require- 
ments that make up a successful and satisfactory 
regulated electric utility business, some of which are: 


. A well-planned power supply 
Adequate transmission to load centers 
. Areliable system 

. Coordination with neighboring systems 
Financial stability 

Good service 


NOOR ON 


Reasonable rates 
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8. Satisfactory relations with the public, its em- 
ployees, its customers, its owners, and its 
regulatory bodies 

9. Good management. 


In this chapter for updating the National Power 
Survey with respect to coordinated planning and 
development, much emphasis has been placed on the 
reliability of bulk power supply and on the preven- 
tion of power failures that might affect large areas 
of the United States. Much of this emphasis stems 
from the Federal Power Commission report on the 
Northeast Power Failure of November 9-10, 1965. 
The power failure became widespread because all 
of the power systems over a large area are inter- 
connected and operating in synchronism. It is un- 
deniable that the power failure would not have been 
widespread had the systems been separated and not 
operating in synchronism. Had the systems been 
separated the advantages of some interconnections 
under stable operating conditions would have been 
foregone. A report on future coordination require- 
ments must consider the advantages and disad- 
vantages of interconnected in synchronous opera- 
tion over large areas. There is a long history show- 
ing that areas of the United States have operated 
without interconnections with other areas in the 
United States, and that such areas have provided 
good service at reasonable rates. Only careful study 
and evaluation of all factors will determine if the 
establishment of interconnections between such 
areas would produce better service and lower rates 
for all affected systems. 

The coordinated groups comprising the FPC 
South Central Region have planned capacity and 
transmission line additions, so the various groups of 
systems are self-sufficient and have a reliable power 
supply whether or not they operate in synchronism 
with a larger group. In planning for future coordi- 
nation in the area, the major systems will be inter- 
dependent on other systems within sub-areas of the 
Region but capable of providing reliable electric 
service when the Region is separated from other 
regions. 

Forecasts indicate that the electrical load in the 
Region in 1980 will be at least three times the 
present loads. There is no assurance that inter- 
regional transmission lines will keep pace with such 
growth because of economics and the changing de- 
mands of our society. Coordinated planning for the 
future requires consideration of intra-area systems 
with more dependence on generating facilities 


within the area, and less dependence on out-of-area 
power capacity and inter-regional EHV transmis- 
sion lines. The high cost of rights of way, public 
demand for fewer overhead transmission lines, 
along with increasing requirements for very costly 
underground transmission lines, will continue to re- 
quire self-sufficient and coordinated systems within 
the area to assure a reliable power supply under 
established criteria. 

Inability to obtain unrestricted rights of way 
across lands owned by the federal government may 
increase the cost of future transmission facilities 
to such an extent that systems will provide reliable 
and economical service to the area with a minimum 
of such costly transmission facilities. Governmental 
bodies with jurisdiction may adopt regulations in 
the future requiring more and more costly under- 
ground transmission lines resulting in increased cost 
of electric service. The development of atomic 
power opens the way, in the future, for uniform 
prices on capacity and energy at the plant bus. With 
coordinated planning, large size nuclear generating 
units will. be located in all areas of the country 
and economy interchange of power and energy will 
disappear. Economics may dictate a gradual trend 
to interconnected and self-sufficient power system 
groups operating out of synchronism with adjacent 
groups, although not necessarily without intercon- 
nections with such adjacent groups. Such inter- 
connections might be DC. The area will receive 
reliable service at lower cost if the coordinated 
planning for future system development is governed 
by economics rather than by a requirement for a 
national transmission line network without regard to 
need, relative reliability, or economic justification. 

Coordination of planning for future generating 
capacity and for future transmission lines must be 
done by those systems whose operations have a 
major effect on the reliability of bulk power supply. 
In discharging their responsibilities, such systems 
shall be responsible for load forecasts, the schedul- 
ing of new generating capacity, and the scheduling 
of transmission system additions, along with con- 
sideration of economics, service reliability and area 
coordination. These management functions are well 
established. Satisfaction of the public interest in the 
future requires more support of these principles 
by and closer cooperation with regulatory agencies 
of every jurisdiction that affect power system 
operation. 

To enhance reliability and to increase overall 
economy in the area, future planning requires better 
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coordination between the systems with utility re- 
sponsibilities and the Government hydro system that 
provides a limited amount of power. Such addi- 
tional coordination is a goal that should be achieved 
in the area at an early date. 

At the sixth meeting of the South Central Re- 
gional Advisory Committee, representatives of the 
Federal Power Commission explained the Commis- 
sion’s “Electric Power Reliability Act of 1967.” A 
new law is not the solution of electric reliability 
problems in the future, and the investor-owned utili- 
ties are opposed to the proposed FPC bill. (See the 
attachment to the minutes of the sixth meeting on 
July 25, 1967.) 

Coordination of power systems in this Region is 
well advanced and the principles of coordination 
are established and have been successful. These rec- 
ommendations for further coordination of electric 


power systems for increased reliability at reasonable 
costs can be realized in the future so long as the 
regulatory bodies recognize the responsibility of 
electric utility management for power system plan- 
ning, development and operation. 


Reports 


Most utilities in the coordinated area now re- 
port planned additions to generating capacity 
through the Edison Electric Institute Electric Power 
Survey. The information is valuable because it lets 
the public, the Federal Power Commission, and the 
manufacturers of electric equipment know that ad- 
ditional power supply facilities will be installed to 
provide for growing electrical loads. 

It is recommended that pertinent information on 
coordination and load and capability studies be 
furnished the Federal Power Commission. 
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CHAPTER 4 
GENERAL PATTERNS OF GENERATION AND TRANSMISSION 
1970-1990 


Introduction 


The basis for the Task Force report on General 
Patterns of Generation and Transmission was in- 
formation received from the various utilities in the 
Region in response to questionnaires from the 
Task Force. Other information used in this report 
was furnished by the Fort Worth Office of the 
Federal Power Commission. Additionally, other re- 
ports made by the South Central Regional Ad- 
visory Committee and its other Task Forces were 
used as source material. 

The Task Force realized from experience that 
any such report of generation and transmission 
patterns which covers a period almost a quarter 
of a century into the future must be general in 
nature. One should not expect to request and re- 
ceive specific and finite plans of generation and 
transmission patterns that far into the future. There- 
fore, the data received from the Companies tends 
to be specific for six to eight years into the future, 
and more general in nature for the latter years. 

Even though information for the latter years of 
the period is more general, it is the custom of util- 
ity groups to make long range plans as a general 
guide for the development of their systems. Because 
of this, the G&T Task Force concluded that the 
systems would generally develop along the patterns 
shown in their report, while at the same time 
differing in specific instances. 

It should be clearly recognized that the data con- 
tained in this chapter are estimates and projections. 
Their inclusion here in no way implies any obliga- 
tion on the part of any entity to develop facilities 
in the particular manner delineated in this report. 

This chapter covers the South Central Region. It 
indicates the load projections through 1970, 1980 
and 1990. For these load projections, it indicates 
the general patterns of generation projected to sup- 
ply the projected load. The patterns indicate gen- 


eral locations, proximity to load centers, hydro 
facilities, retirements, reserve and other criteria 
concerned with generation. — 

The transmission patterns indicate the expected 
development of transmission lines in each power 
supply area and interconnections to other regions. 

Finally, the chapter indicates the balance between 
generation and reserve as against load for the period 
of the study. 


Scope of Chapter 
Area Included 


The physical area of the South Central Region 
which is encompassed by this chapter includes the 
major part of the State of Texas, excluding some 
of the extreme western area; substantially all of the 
States of Kansas and Oklahoma; all of the States 
of Arkansas and Louisiana; the western half of the 
State of Mississippi; and approximately the south- 
west half of the State of Missouri. 

This region includes FPC Power Supply Areas 
H/aMa(part),,20,-29,.33, 34, 39, 37 and 38) (Figure 
1 of this report shows these areas) . 


Load 


The projected loads listed in this report (Tables 
2, 3, 6, 8 and 18) are taken basically from the 
“Forecast of Power Requirements for the South 
Central Region 1970-1990” dated June 1968. These 
basic load projections were prepared by the Load 
Forecasting Task Force and were approved by the 
South Central Regional Advisory Committee in 
April 1967. 

In May 1968 the Gulf States Utilities Company 
in PSA 35 advised that the 1990 load forecast in 
that power supply area was substantially below the 
level expected by the Company. Therefore, the 
Company furnished a higher estimate of load and 
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capacity and their recommendations are reflected 
in the 1990 estimates in PSA 35 in Tables 2, 6, 8 
and 18. 


Generation 


Generation data gathered for this report are con- 
fined to amounts of capability, sizes of units and 
plants, and general locations in the various Power 
Supply Areas. 

No effort has been made to determine the types 
of plants insofar as fuel is concerned except to in- 
dicate possible nuclear plant locations. Data on 
types of fuel and the amounts of energy produced 
by various types of fuels are included in Chapter 2 
of this report, which was taken from the document 
entitled 
Force” to South Central Regional Advisory Com- 
mittee dated July 1968. 

An adequate water supply for cooling purposes 


“Report of Fossil Fuels Resources Task 


is assumed to be available for the period covered in 
this chapter. Nevertheless, the particular types of 
cooling water utilization are not known due to un- 
certainties of water use criteria which are being 
promulgated by the several states and the Federal 
government. 


Transmission 


The transmission lines (shown on Figures 20, 21 
and 22) in this report are the result of a survey of 
the major power suppliers in the region. In most 
cases, the lines shown or listed are confined to 


voltages of 200 kv and higher. 


Load Patterns 
Rates of Growth 


The compound annual rates of growth, of peak 
load demand for the South Central Region for the 
period 1945-1990 vary from a maximum of 13.1 
percent during the period 1950-1955 to a minimum 
of 6.9 percent during the period 1985-1990. 

While the greatest percentage annual growth oc- 
curred in the early part of this period, it is interest- 
ing to note that the annual increases for the last 
four of the five-year periods are projected to be 
8.9, 8.1, 7.4 and 6.9 percent. These are all above 
the national average projections and indicate that 
a dynamic growth is expected in the region. Within 
the region, curves of Figure 2 indicate the greatest 
rate of growth will be along the Gulf Coast in 
Power Supply Areas 35 and 38. 


Peak Season 


Table 2 indicates that all of the Power Supply 
Areas in the South Central Region have summer 
peaks, the winter peak being approximately 70 per- 
cent of the annual peak hour. The summer peaks 
are caused by a very heavy air conditioning load 
throughout the region. For this reason, peak loads 
are very sensitive and responsive to temperature 
and humidity. 

Peaks created by the air conditioning load tend 
to exist for many hours each day and may exist for 
a number of consecutive days during a summer 
heat storm. A typical day load curve during such a 
period indicates that loads in excess of 90 percent 
of peak exist for ten or more hours and loads in 
excess of 95 percent of peak exist for eight or nine 
hours. 

The summer peak characteristic of the region 
provides an opportunity for seasonal diversity ex- 
change. The Tennessee Valley Authority (TVA), 
directly to the east of this region, has a predominant 
winter peak due to a heavy electric heating load. 
Because the proximity of these two regions with 
diametrically opposed peak seasons has made a sea- 
sonal diversity exchange agreement mutually eco- 
nomical, eleven of the regional companies have 
entered into a seasonal diversity exchange agree- 
ment with TVA in the amount of 1,500 megawatts. 
Under a long-term agreement among the parties, 
the eleven regional companies under the name of 
South Central Electric Companies deliver 1,500 
megawatts of capacity and 1,950,000 megawatt 
hours of energy to the Tennessee Valley Authority 
during the four winter months from November 16 
through March 15. The following summer from 
June 1 through September 30, the Tennessee Valley 
Authority returns a like amount of capacity and 
energy. 

This exchange of capacity and energy, received 
by each party during its peak season, has deferred 
for the length of the agreement the installation of 
1,500 megawatts of capacity by each party. The fact 
that this exchange is seasonal in nature makes the 
power available during the entire period of each 
party’s peak season of four months. This is a dis- 
tinct and important difference from diversity due 
to time zones and other short periods where the 
exchange does not cover peak periods. 

The amount of this seasonal exchange is tabulated 
in Table 14. The magnitude of the TWA-SCEC 
exchange far exceeds any other diversity exchange 
known to this Task Force. 
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Load Centers 


The location of concentrations of load plays a 
predominant part in generating plant locations and 
routing of transmission lines. In the South Central 
Region, load is concentrated in a number of centers. 

This is not to imply that the entire load of the 
center is concentrated in the particular city which 
gives the center its name, but rather the load is in 
an area surrounding the city and may extend over 
an area considerably greater than that of the city 
itself. 


Generation Patterns 
Locations 


In an effort to determine the general pattern 
of generation in the South Central Region for the 
period 1970 through 1990, data were solicited from 
the principal power suppliers in each Power Supply 
Area in the region. Since most power suppliers 
determine types and specific sizes of generators only 
a few years into the future, five or six years nor- 
mally, it has been difficult to get finite data for the 
periods 1980 to 1990. 

Nevertheless, each Power Supply Area was 
solicited, and each area supplied information, spe- 
cific or general. From these data a “Plant List for 
Possible Patterns of Generation and Transmission 
Development to 1990”! was prepared. In general, 
the list has been limited to piants of 250 mw and 
larger. The listing for 1970 should be quite accurate 
since plans for 1970 units are now firm. 

The listings for 1980 are accurate insofar as firm 
plans have been made by some systems through 
1973 and 1974. Additions beyond 1974 are the best 
estimates of the various systems at this point in time. 
The sizes of units, timing of installations and type 
of installations beyond 1974 are subject to many 
variables including actual load growth, relative costs 
of various fuels and installed cost of various types 
of generation. 

The location of electric generators in the South 
Central Region depends on a number of factors 
among which are load centers, water supply, fuel 
supply, availability of sites, transportation facilities 
and many others. Some of these factors are briefly 
reviewed in the following sections. 


*“Plant List” appears in Report following Figures 20, 
21 & 22. 


Load Centers 


One of the factors, load centers, is naturally of 
prime importance. Figures 13, 14, 15 and 16 along 
with Table 8 indicate a number of load centers in 
each Power Supply Area. It is interesting to note 
the concentration of generating plants around the 
load centers of Houston, Dallas, Fort Worth, New 
Orleans, Baton Rouge, Little Rock, Tulsa, Okla- 
homa City, Wichita and Kansas City. Locating 
generation near load centers minimizes the need for 
transmission lines and at the same time increases 
reliability. 

Water Supply 


Water is a requirement in practically all methods 
of power generation at the present time. Some of 
the exceptions are power generation by internal 
combustion engines and gas turbines. Steam turbine 
generation is the type requiring the greatest volume 
of water; however, this is not consumptive use for 
the most part. 

The greatest use of water in steam electric power 
generation is for the cooling and condensing of 
steam. In this sense, some water is lost by evapora- 
tion but many times more is thermally enriched or 
thermally polluted according to varying viewpoints. 

At the present state of the art, nuclear steam 
generation requires about 40 to 50 percent more 
water per kwh generated than fossil fueled steam 
generation. This is due largely to the fact that 
nuclear steam is generated at lower pressures and 
temperatures than fossil fueled steam and thus is 
less efficient. The advent of high temperature and 
breeder expected to narrow _ this 
difference. 

Water supply in the South Central Region varies 
from a maximum in the south and east areas of the 


reactors is 


region to a minimum in the western areas. Major 
rivers in the eastern portion and coastal areas ap- 
parently can provide water for once-through cool- 
ing for large installations. In other areas, principal 
reliance will need to be placed on reservoirs and 
ponds as sources of cooling water. It is anticipated 
that a portion of new installations may require 
cooling towers. 

A major factor in the selection of sites for new 
steam-electric plants is the effect of water quality 
standards established pursuant to the Water Quality 
Act of 1965. These standards include limitations on 
maximum temperatures and on maximum tempera- 
ture rises and are applicable to interstate streams 
and coastal waters. They are prepared by the states 
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and must be approved by the Secretary of the Inte- 
rior. Approved standards are subject to enforce- 
ment by both the states and, under procedures 
established by law, by the Federal Government. 

For additional information on water needs and 
resources, refer to Appendix E entitled “Future 
Cooling Water Needs and Resources for Thermal- 
Electric Generation.” 


Fuel Supply 


While the predominant part of the projected 
generation is of the steam driven turbine-generator 
type, no distinction is made as to the fuel. At the 
present time, natural gas is by far the predominant 
‘fuel in this region with a small percentage of coal 
and only one nuclear-fueled unit scheduled for op- 
eration in late 1972. For detailed information on 
fuel and the amounts of energy produced by various 
types, reference should be made to Chapter 2 which 
was taken from the South Central Regional Ad- 
visory Committee “Report of Fossil Fuels Resources 
Task Force” dated July 1968. 

With most of the gas reserves of the nation lo- 
cated in the South Central Region, it is no happen- 
stance that the principal fuel has been natural gas. 
The availability of gas by pipeline to most any 
location in the region has minimized the problem 
of availability of fuel. 

It is expected that coal will increase in use par- 
ticularly in the northern parts of the region in the 
next few years; however, by 1990 the total use of 
coal in the region will not exceed approximately 
ten percent of the total fuel used including nuclear. 

Although nuclear power has not developed in 
this region as quickly as it has in other areas because 
of the plentiful supply and competitive price of 
natural gas, it is expected to play an increasingly 
important role during the decade 1980-1990. 
Transportability of nuclear fuel makes it available 
over the entire region, and this eliminates one factor 
in the selection of plant sites. 


Availability of Sites 


It appears that available sites will be adequate 
throughout the period although at higher costs. 
As metropolitan areas continue to expand, and as 
the use of nuclear fuel expands, generating plant 
sites may be located farther from load centers, but 
not necessarily remote from them. By the year 1990, 
the loads are approximately five times the magni- 
tude of the 1970 loads. It is also of interest to note 
from Table 15 that the average size of plants is 


increasing also, and maximum sizes by 1990 are 
four to six times as large as the maximums of 1970. 

The fact that plant sizes are increasing means 
that the number of sites will not increase in pro- 
portion to the load increase; however, the individ- 
ual sites must be of larger size. This is another rea- 
son why plants will be located farther from load 
centers than was formerly the case. 


Transportation Facilities 


Transportation facilities for the movement of 
power plant equipment to plant sites are available 
by water, rail or highway. The region is blessed with 
many rivers such as the Mississippi, Missouri, Ar- 


kansas, and others which lend themselves very well 


to barge transportation. This method of transpor- 
tation will be used to an increased extent as the 
sizes of units increase. As evidence, the first nuclear 
steam supply system for this region will be trans- 
ported by barge down the Ohio and Mississippi 
rivers and up the Arkansas River to the plant site on 
Dardanelle Lake, near Russellville, Arkansas. 


Hydro Facilities 


Table 16 contains a listing of hydro resources in 
the region by Power Supply Areas. It is to be noted 
that the column headed “Existing and Under Con- 
struction” totals approximately 2,400 mw. It can 
be assumed that this amount of capacity will cer- 
tainly be on the line by or about 1970. 

The Table indicates totals of 3,244 mw and 2,921 
mw to be added by 1980 and 1990, respectively. 
This would indicate a total in hydro capacity in- 
cluding pumped storage and conventional hydro 
of 8,516 mw by 1990. It should be stated that while 
there are 6,165 mw of potential additions to hydro 
resources from 1970 to 1990, it is by no means cer- 
tain that this amount of capacity will actually be 
built. The economic feasibility of a number of the 
potential installations are not currently firm and 
economic indicators are constantly changing. When 
alternative methods of peaking capacity are inves- 
tigated, it may well be that certain of the potential 
hydro projects will not be the economic choice. 
Nevertheless, should all of the listed installations 
be made, hydro capability will be less than four 


percent of the total capability of the region in 1990. 


The South Central Regional Advisory Committee 
Task Force on Coordinated Planning and Develop- 
ment appointed a subcommittee to consider the 
utilization of hydro capacity on the projected loads 
of 1980 and 1990. The conclusion of this subcom- 
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mittee is that the proposed hydro capacity for those 
periods can be fitted into the load shape of the 
region. The subcommittee report is attached as 


Appendix D. 
Retirements 


It has been an understandingly difficult task to 
obtain from all utilities their projected retirements 
of generating units as far into the future as 1990. 
As a result of this difficulty, uniform retirement 
criteria were adopted and applied as follows: (1) 
all thermal units that are 35 or more years of age at 
the end of 1970 and 1980. are considered retired 
as of those dates, and (2) all thermal units 30 or 
more years of age at the end of 1990 are shown as 
retired as of that date. An application of these 
criteria to generating units in the South Central 
Region produced the theoretical retirements shown 
in Table 17. As a point of reference, the retire- 
ments by 1990 will amount to about nine percent 
of the expected 1990 generating capability. It 
should be recognized that as actual retirements de- 
velop they will vary from the theoretical 
_retirements. 


Cost Comparison of Thermal Generation 


There is attached as Appendix G a cost com- 
parison of thermal generation prepared by the Fort 
Worth Regional Office. 


Transmission Patterns 


General Patterns of Transmission Development 


A general rationalization of the projected pat- 
terns of transmission development as portrayed in 
Figures 20, 21 and 22 quickly indicates a close re- 
lationship to an expected continuation of the pres- 
ent growth of power system load densities but 
reflects consideration of expected future plant loca- 
tions determined by cooling water resources, fuel 
supplies and other factors. The South Central Re- 
gion must be considered in two separate segments 
not now operating in synchronism: (1) the South- 
west Power Pool area and (2) the Texas intrastate 
area. 

In the Southwest Power Pool area, the transmis- 
sion network is completely dominated by the re- 
cently-constructed 345-500-kv South Central Elec- 
tric Companies grid—developed to accommodate 
the SCEC-TVA 1,500-mw seasonal diversity ex- 
change now in full operation. Connecting immedi- 
ately to the north of the SCEC grid, additional 345- 


kv lines have been constructed by MOKAN Pool 
members. Transmission developments shown on 
Figures 21 and 22 conceive a continued strengthen- 
ing of this basic grid. Strengthening will be accom- 
plished by both new ties and added capability on 
existing ties. Higher voltages are not expected ex- 
cept in Oklahoma where the beginning of a 750-kv 
system is expected before 1990—a development 
related not only to load growth but also to coal and 
water resources in the eastern part of the state. In 
the event that the SCEC-TVA seasonal diversity 
exchange is increased it is now expected that the 
increase could be accommodated by an additional 
500-kv tie rather than a transition to higher voltage. 
It should be noted that projected transmission lines 
pass near eastern Oklahoma and eastern Kansas 
coal fields and are in the proximity of Arkansas and 
Mississippi River navigation channels. The ex- 
pected future transmission network in Louisiana, 
Mississippi, and Arkansag is basically represented by 
three 500-kv lines oriented north and south, two of 
which connect with the TVA area. These lines 
have three principal east-west interties and the two 
northernmost of these interties are continued west 
into Oklahoma. Further to the north, one 345-kv 
line passes into Missouri near the Mississippi River 
and four 345-kv lines are projected to emanate 
from Oklahoma into Missouri and Kansas. All of 
these ties connect to a substantial 345-kv network 
in Kansas and central Missouri. Referring to the 
“Plant List For Possible Patterns of Generation and 
Transmission Development to 1990,” a number of 
large capacity plants are expected along the Missis- 
sippi River and Gulf coastal areas. Other concen- 
trations of generating plants, as mentioned earlier, 
cluster around such major load centers as Kansas 
City, Wichita, Tulsa, Oklahoma City, Little Rock 
and Shreveport. Occasional other large plants are 
strategically located on the network as required by 
expected network operating conditions, water re- 
sources, fuel supplies, transportation, and other 
factors. The expected generating plants reaching 
5,000 mw and larger present a real challenge to the 
network during a plant interruption. Future trans- 
mission requirements will be influenced by plant 
and grid performance. 

In the Texas intrastate area the recent advent of 
400 and 500-mw generating units has gone hand in 
hand with the development of 345-kv interties be- 
tween major load centers. As unit sizes continue to 
increase existing 345-kv ties will be double circuited 
and new interconnecting links established. These. 
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additions will be a strengthening of the principal 
transmission pattern—a triangle connecting the 
three major load centers of (1) Dallas-Fort Worth, 
(2) Houston, and (3) San Antonio-Austin-Corpus 
Christi. Extending to the west of this basic triangle 
stronger 345-kv ties will also be made to the Wichita 
Falls, Midland and Odessa load areas. It is not 
anticipated that higher voltages will be required as 
gas and nuclear-fueled plants can be situated near 
major load centers. The one or two lignite-fueled 
plants expected and the sprinkling of other plants 
drawn to east Texas and the estuarine areas by 
water resources can be accommodated on the 
projected 345-kv grid. 

Regional reliability was greatly enhanced by the 
completion of the 345-500 kv grids described 
above. The further strengthening of this grid as 
projected on Figures 21 and 22 should have a most 
profound influence in maintaining good service re- 
liability. Large blocks of power can flow from 
area to area during emergencies and help prevent 
brownouts during heat storms and minimize the 
effect of major capacity outages. From the stand- 
point of transmission capability between major load 
and generation centers, both the Southwest Power 
Pool and Texas intrastate areas are now in a strong 
position and are expected to remain in the forefront 
in this area—a fact which directly translates into 
better electric customer service reliability. 


The projected transmission line patterns as in- 
dicated on Figures 20, 21 and 22 are the result of 
a questionnaire to the principal utility operators in 
each Power Supply Area. A review of these Figures 
will indicate an orderly development of high 
voltage and extra high voltage lines among gen- 
erators, load centers and adjacent systems. There 
are also indicated strong interconnections to other 
regions. 

Practically all transmission voltages are present 
in the region. The predominant extra high voltages 
through 1980 are 345 and 500 kv. By 1990, a 
pattern of 750-kv (normal) transmission is emerg- 
ing in the western area of the region. Patterns 
differ among Power Supply Areas as indicated by 
the following comments. 


PSA 17—F and PSA 34 


The principal power suppliers in these Power 
Supply Areas from whom information was received 
are: Kansas Gas & Electric Company, St. Joseph 
Power & Light Company, City Utilities of Spring- 
field, Missouri, The Empire District Electric Com- 


pany, Missouri Public Service Company, Kansas 
City Power & Light Company, Associated Electric 
Cooperative and Southwestern Power Admin- 
istration. 

The major transmission lines 230 kv and above 
in these Power Supply Areas for 1970 include 345- 
kv lines from Oklahoma to Wichita to Kansas City, 
Kansas City to St. Joseph, Kansas City to St. Louis, 
and Kansas City to Neosho to Wichita. A pattern 
of 345-kv is thus emerging although the bulk of the 
transmission lines in these areas will continue to be 
operating at voltages less than 230 kv through 1970. 

By the end of 1970, Power Supply Areas 17—F and 
34 will have a 345-kv interconnection to the east to- 
ward St. Louis, a 345-kv interconnection to the 
northwest toward Nebraska, two 345-kv intercon- 
nections to PSA 29 and two 345-kv interconnections 
to Oklahoma on the south. 

By 1980, many 345-kv lines are projected to be 
in service. Particularly, is this true around Wichita, 
Kansas and Kansas City, Missouri. New Madrid, 
Missouri has 345-kv lines projected from the north, 
west and south into that general area. An additional 
345-kv interconnection is projected east from Lutes- 
ville, Missouri toward Joppa, Illinois. A 345/500-kv 
line is projected west from Wichita toward Denver, 
Colorado and Amarillo, Texas. 

By 1990, a comprehensive 345-kv system of lines 
is projected. Many previously built lines are now 
paralleled by additional 345-kv lines. A number of 
additional 345-kv interconnections are projected to 
adjoining Power Supply Areas. The 345/500-kv 
line from Wichita toward Denver and Amarillo 
is projected to be converted to 500-kv operation by 
1990. A 765-kv line is projected from Kansas City, 
Missouri to St. Louis, Missouri. 


PSA 25 


The principal power suppliers in this area are the 
four operating companies of the Middle South Sys- 
tem—Arkansas Power & Light Company, Louisiana 
Power & Light Company, Mississippi Power & 
Light Company and New Orleans Public Serv- 
ice, Inc. In addition to these, Arkansas-Missouri 
Power Company operates in northeast Arkansas 
and southeast Missouri and Southwestern Power 
Administration operates in northern Arkansas and 
southeast Missouri. 


The major transmission lines 230 kv and above 
in the Power Supply Area in 1970 are dominated 
by more than 700 miles of 500-kv transmission 
lines installed on the Middle South System. This 
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is part of the South Central Electric Companies 
EHV system to exchange 1,500 mw of seasonal 
diversity power with the Tennessee Valley 
Authority. 

As a result of the diversity exchange between 
the South Central Electric Companies and the 
Tennessee Valley Authority, Power Supply Area 25 
has two 500-kv interconnections with the Tennessee 
Valley Authority on the east, a 500-kv interconnec- 
tion with Oklahoma Gas and Electric Company and 
a 345-kv interconnection with Southwestern Electric 
Power Company on the west, and three 500-kv 
interconnections with Central Louisiana Electric 
Company and Gulf States Utilities Company on the 
south and west. 

Several hundred miles of 230-kv transmission also 
exist in this Power Supply Area. Two interconnec- 
tions with the Southern System to the east are in 
service at 230 kv. 

By 1980, additional 500-kv transmission lines are 
projected for this area particularly from Helena, 
Arkansas south to Vicksburg along the Mississippi 
River. Also additional 500 kv is projected from the 
nuclear plant at Russellville into the Little Rock 
area. During this same period (1980), the South- 
western Power Administration is projecting 500-kv 
lines to connect with the Oklahoma City-Shreve- 
port 345-kv 
Pumped-Storage Project and Fort Smith, Arkansas 
to Springfield, Missouri. Also, a 500-kv tap from 
this line eastward through Bull Shoals to New Ma- 
drid, Missouri and another 500-kv line from Bull 
Shoals to Optimus Pumped-Storage Project is 


line north 


projected. 

During this period, 230-kv lines are also projected 
in the Middle South Companies, particularly in 
Arkansas and in South Louisiana. 

By 1990, a 500-kv line is projected from El 
Dorado, Arkansas to a new plant north of the 
Wilkes Plant of Southwestern Electric Power Com- 
pany and the 500-kv lines are expanded north and 
east of the Little Rock area. 

No voltages above 500 kv are projected for this 
area through 1990. 


PSA 29 


The predominant transmission voltage in this 
area for the entire period 1970 through 1990 will 
be 230 kv—it will be gradually strengthened 
throughout the period. Some 345-kv transmission 
is projected in the area around Topeka. 


through Tuskahoma . 


An interconnection west out of Wichita (PSA 
34) toward Colorado (PSA 32) and Amarillo (PSA 
36) is projected as 345 kv by 1980 and as 500 kv 
by 1990. 


PSA 33 


The principal power suppliers in this area are: 
Oklahoma Gas & Electric Company, Public Service 
Company of Oklahoma and Southwestern Electric 
Power Company. They are all members of the 
South Central Electric Companies and participate 
in the seasonal diversity with the Tennessee Valley 
Authority. The transmission system in 1970 is high- 
lighted by 345-kv transmission lines from Fort 
Smith, Arkansas to Tulsa to Oklahoma City and 
Oklahoma City to Shreveport. Additional intercon- 
nections to other Power Supply Areas include: a 
500-kv interconnection from Fort Smith to Little 
Rock, a 345-kv interconnection from Shreveport to 
El Dorado, Arkansas, a 345-kv interconnection 
from Oklahoma City north to Wichita, Kansas and 
a 345-kv interconnection from Tulsa north to Neo- 
sho in Power Supply Area 34. 

By 1980, many additional 345-kv lines are pro- 
jected for this Power Supply Area and a 345-kv 
interconnection is projected from this area west to- 
ward Amarillo, Texas in Power Supply Area 36. 

By 1990, a comprehensive 345-kv network has 
evolved in Oklahoma with additional interconnec- 
tions to Kansas and Missouri. The predominant de- 
velopment in transmission for the entire South Cen- 
tral Region, however, is the emergence of a 750-kv 
transmission system in Oklahoma. Several hundred 
miles of 750-kv lines form a loop system in central 
Oklahoma. The 750-kv interconnections are ex- 
tended from this loop towards Shreveport and west 
toward Amarillo, Texas in PSA 36. This is the basis 
of a more comprehensive EHV system in future 
years. 


PSA 35 


The principal power suppliers in this Power 
Supply Area from whom information was received 
are the Gulf States Utilities Company and the Cen- 
tral Louisiana Electric Company. Gulf States 
Utilities Company and Central Louisiana Electric 
Company are members of the South Central Elec- 
tric Companies and are, therefore, participants in 
the seasonal diversity interchange with the Tennes- 
see Valley Authority. As a result of this participa- 
tion, the major transmission in this Power Supply 
Area in 1970 is represented by several hundred 
miles of 500-kv lines. This area is interconnected 
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with Power Supply Area 25 by two 500-kv lines 
from Baton Rouge; one, north to Jackson, Missis- 
sippi and the other, east to New Orleans. Construc- 
tion of a 500-kv line from Beaumont, Texas to El 
Dorado, Arkansas was started in 1968 and will pro- 
vide an interconnection to Arkansas (PSA 25) in 
1970; 

There is a small amount of 230-kv transmission 
in the vicinity of Beaumont, Texas and Baton 
Rouge. 

By 1980, several additional 230-kv lines and in- 
terconnections are projected, particularly are addi- 
tional 230-kv interconnections proposed to Power 
Supply Area 25 in the New Orleans area. Addi- 
tional 230-kv lines are also developed west from the 
Beaumont area. 

By 1990, additional 500-kv lines are developed in 
the Beaumont and Baton Rouge areas with several 
additional interconnections to Power Supply Area 
728), 

The greatest increase in transmission mileage is 
projected at 230 kv. At this voltage, hundreds of 
miles of line cover the area in a network. 


PSA 37 and PSA 38 


The principal suppliers in these areas are: Texas 
Power & Light Company, Texas Electric Service 
Company, Dallas Power & Light Company, West 
Texas Utilities Company, Houston Lighting & 
Power Company, Central Power & Light Company, 
City of Austin, City Public Service Board of San 
Antonio and the Lower Colorado River Authority 
operating as an interconnected group formally com- 
prising the Texas Interconnected System (TIS). 

A 345-kv transmission system connects the major 
load and generation centers of PSA 37 with the 
Houston area of PSA 38. This system is being ex- 
panded and added to so that by 1970 a minimum of 
a double circuit line will interconnect these genera- 
tion and load centers. Much of the remainder of 
PSA 38 transmission network will have been ex- 
panded at 138 kv with preliminary work for addi- 
tional 345-kv interconnections already under way. 

By 1980, all the load centers of the principal sup- 
pliers in PSA 37 and PSA 38 with loads greater 
than 1.0 GW will have been connected to the 345-kv 
network. Also, much of the single circuit 345-kv net- 
work will have been strengthened by additional lines 
and double-circuiting of existing lines including the 
extension of the 345-kv system to the extreme south 
end of Texas. 


By 1990, all the load centers of the principal sup- 
pliers in PSA 37 and PSA 38 will be connected to- 
gether directly by 345-kv network. The basis of 
development of the 345-kv bulk transmission system 
will be that of using double circuit tower lines with 
ultimate capacities comparable to or greater than 
that of 500-kv single circuit construction. 

Since the load centers of the TIS are widely sepa- 
rated geographically, there has and will continue 
to be a concerted effort to expand the generation 
and transmission plant so a reasonable ratio of load 
and generation is maintained within each load cen- 
ter and a strong EHV network exists between load 
centers. In all, the EHV network within these two 
areas will have been expanded threefold from 1970 
through 1990. 

There have been no transmission lines projected 
during the study period which would effect an in- 
terconnection between PSA’s 37 and 38 and neigh- 
boring areas. The possibility of establishing inter- 
connection tie lines for parallel operation between 
the Texas Interconnected System and the South- 
west Power Pool has been evaluated but the EHV 
ties did not prove economically or technically feasi- 
ble and would not improve reliability. Evaluation 
of such ties will continue to be made. 


Resolution of Load, Capability and Reserve 


It is the obligation of the operating systems in the 
region to install or acquire generating capability 
sufficient to meet the peak load requirements of the 
region plus a reasonable amount of reserve capacity 
for contingencies. The major operating systems have 
made known their intentions to do this, either by ac- 
tual scheduling of specific amounts of capacity or 
by the statement that capacity sufficient to meet the 
peaks will be scheduled. 

Table 18 indicates that projected loads increase 
from approximately 40,000 megawatts in 1970 to 
more than 190,000 megawatts in 1990. At the same 
time, capacity increases from approximately 46,000 
megawatts in 1970 to almost 219,000 megawatts in 
1990. At these levels, the reserve capability is ap- 
proximately 7,000 megawatts in 1970, 18,000 mega- 
watts in 1980 and 29,000 megawatts in 1990. Table 
18 indicates that the reserve varies from 18.6 percent 
to 21 percent through 1980, but it is reduced to ap- 
proximately 16 percent by 1990. 

Table 15 indicates maximum plant and unit sizes. 
It is noted that the average of maximum plant sizes 
varies from 900 megawatts in 1970 to about 4,000 
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megawatts in 1990. During the same interval, the 
average of maximum unit sizes varies from 500 
megawatts in 1970 to 1,400 megawatts in 1990. 
Table 15 indicates that for PSA’s 17-F, 29 and 34, 
the percentage of unit size compared to power sup- 
ply area load is much larger than the average per- 
centage for the South Central Region. The major 
plants, both existing and future, are located in east- 
ern Kansas and western Missouri due to the availa- 
bility of water and fuel. The power from these 
plants is distributed over the MOKAN Pool grid 
to other areas to the north, south and east. As a 
percentage of peak load, the average maximum 


plant size decreases slightly from 1970 to 1980 and 
remains constant at about 17 percent; however, the 
average maximum unit size decreases from 10 per- 
cent in 1970 to 9 percent in 1980 and 6 percent in 
1990. This decrease in percentage indicates that 
probably the sizes of units are beginning to level 
out to some degree, at least they are not increasing 
at the same rate as load is increasing. A result may 
very well be a decrease in the amount of reserves 
necessary to cover the loss of the largest unit on a 
system as reflected in the decrease in reserve percent- 
ages in 1990. For additional information on reserve 
requirements determinations refer to Appendix F. 
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TABLE 1 


Population Estimate for South Central Region (Including Armed Forces Overseas) 


[Thousands of Persons] 


PSA Farm Nonfarm Total Farm Nonfarm Total 
ee ee oe aly el Mt ere pe vag eae ee ee 
1965 1966 
17-Foars don dae encod deere eee nokia elle ae ee 1/379: yeti! ivan See 1, 386 
25 eT ne Teen SPN TSS B, MAE OST ee OO ee 550 4, 373 4, 923 528 4, 460 4, 988 
12 ee Ee eS POE ENEMAS AIKES NOON G ony COM. OD Gute 228 925 1, 153 226 935 1, 161 
os Rr ca Pane Gru mee SOME y Sere At a Fs re ats OB Sie is 384 3, 129 3, 513 372 3, 176 3, 548 
SAP LON tt SEDER OA She RES: 4 RAR Ree Nee eee eee at res 251 1, 254 1, 505 247 1, 268 1,515 
BB oven By aaa fh. BT RAD STP cerdnereiaa eek eere 171 1, 866 2, 037 167 1, 907 2, 074 
i, ee eae OIE RRP Oh Et St ree 2S ane ics Ce tgoec «Cums ca 312 37738 4, 050 306 3, 800 4, 106 
i ee te ee ee NRA tone Ubeeyig cio cod oe oll oes 207 4,173 4, 380 206 4, 254 4, 460 
"TOtals cet ok ae ee a TE Lie ne ace 2103 19, 458 22, 940 2, 052 19, 800 23, 238 
1970 1975 
TFB es oc ay its acecd oovaiodin Bee Se Aa dee oe 1 416% 6 as ue 1, 493 
DAS Pa ne Mae ie nate ean Ruts acre dicen Oy Canoes 484 4, 763 5, 247 440 5, 178 5, 618 
22 aes be a eR cane interna jc MOB hora reKtry meets: uhm Rey GLaIa it 223 969 ih, ep 224 1, 025 1, 249 
BS SOAP: BG Sol, Se otonteaneets RG ok OEE Wen CoC RICE 348 3, 338 3, 686 350 3, 521 3, 871 
BH va eh, Si vhed aaacleeinak ek OP a SAI OON Pe eee 238 1, 316 1, 554 235 1, 397 1, 632 
i, 1d RO Re arn EPO dAL FOL Ye gheatun tutest Satin Alaa Lat uch GOTO Ele 152 2, 068 2, 220 148 2, 246 2, 394 
Cy ER ke TREE lic i Aedes SCC aie Or YOM TINS 292 4, 038 4, 330 285 4, 365 4, 650 
2h. ee er Ee aN aeT Are tre ML ys ete eA cue cate ORO CC 201 4,579 4, 780 200 5,110 5, 310 
Totals 2h 5 eae ceed A eee 1, 938 Ze O7) 24, 425 1, 882 22, 842 265217 
1980 1985 
We 2 aad eRe Ayo eenan mn Ue ram rn eat ea ne MIN Reh eviinie.o o dig Odeo OOM D 1588)" tik See 1, 696 
De are dhe Soe GOT EE SO cna DG tee Ga Re RCE Gore 440 5, 645 6, 085 440 6, 159 6, 599 
DO ier eal ees, Efe Cena 8 eter ee ee ee eee 228 1, 094 ih, ae 231 WLS 1, 406 
CY ee ee ET RN ee ae En a ARTE NGS May EMD ares 355 3, 747 4, 102 360 4, 028 4, 388 
BA TB che tte pig ne ata th oho Maro ee eK oreme OLE See tet et Roy eRe: 238 1, 497 1735 24) 1, 609 1, 850 
BOE ROr eT nadie on cist nreniee eieiele alaiemtte tamtedere Or monst Trent 148 2, 474 2, 622 150 2, 726 2, 876 
87 sh hbih. SRS CE Teo arden eer 289 4, 694 4, 983 293 5, 137 5, 430 
Ci he, Sean ee Ene ee hes oN cian fia oo oe 202 5, 703 5, 905 205 6, 230 6, 435 
fl 0 1 (renner ee Raliaeeh eer raps ante ok mil co ae IN a STAG 1, 900 24, 854 28, 342 1, 920 27, 064 30, 680 
1990 
sy 2 Saran eer nar rE ene ae (one Ene S) nRO er eEL yt TG cd De intcie6 OOS TS 7 
P Ae PE Oe Tt Ree era RAPA Sota crsiticd tue Mee iase tte or citar tun 440 6, 675 UIs 
29 eee enh EE ea Sie, CR ie Or el ae ee 235 1, 260 1, 495 
See PA hes Sen OMe rN ee itn MIRE Go en Olbid ea One 365 4, 306 4, 671 
st: ety Cone re SE a een eet uons titeamuen ote o. Oia tees 245 hs PB 1, 968 
16 Fe eer ing Pre erent eae Miwa eh he Ge RAR eats Bal, te 152 2, 979 3, 131 
BTN he RB shee ce Seen aie os oe rene 296 5, 591 5, 887 
88. Bott Coe ee Bale Direct: Ger Oe eee 208 6, 768 6, 976 
Tigtale eck ates Bete ee ee 1,941 29,302 33, 060 
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TABLE 2 


Energy for Load, Peak Demand, and Annual Load Factors for South Central Region (SCRAC) 


Energy 


Peak Annual Energ Peak Annual 
Power supply area for load demand load Peak for load demand load Peak 
and region (million (mega- factors month (million (mega- factors month 
kwh) watts) (percent) kwh) watts) (percent) 
1965 1966 
GIS) 3 ee 6, 479 1, 448 511 July 6, 973 1, 614 49. 3 July 
woot 21, 049 4, 135 58. 1 July 23, 619 4, 781 56. 4 July 
2D, ee 5, 250 1, 196 50. 0 July 5, 746 1, 270 51.6 July 
2, ooo Se eee 15, 833 3, 642 49.6 July Wee eye) 4, 025 49. 1 Aug. 
Sod iy A ee 7, 285 12570 53. 0 July 7, 877 1, 679 53. 6 July 
Le so. SSR eee eee 13, 285 2, 344 64. 7 Aug 14, 662 2,679 62.5 July 
O77) 5 0. bia ble DOr REE ae eee 22, 633 4, 972 52.0 July 25, 134 5, 621 51.0 Aug. 
Oho. c ot a 26, 842 5, 297 5/n8 July 30, 229 5, 927 58. 2 Aug. 
Non-coincidental Peak....... 118, 641 24, 604 DORON — rises 131, 565 27, 596 DA Age kev ee ee 
Monthly Diversity Factor................ (20006) rae min «eee ea ke CN eh as (12 0056 ae fe eee ieee 
Coincidental Peak........... 118, 641 24, 589 55. 0 July 131, 565 27, 440 54. 7 July 
1970 1975 
NALD Ui. ee Aa a 9, 380 2, 100 51.0 July 12, 860 2, 850 51.5 July 
US) fy a rrr 34, 340 7, 260 54. 0 Aug. 53, 130 Lie-170 54. 3 Aug. 
>. te 7, 710 1,760 50.0 July 10, 550 2,400 50.2 July 
22, oe ne 26, 540 6, 120 49.5 Aug. 40, 840 9, 400 49.6 Aug. 
Be ee et 11, 200 2,460 52.0 Aug 16, 200 3,530 52.5 Aug. 
lS. os) 6 ees 24, 000 4, 240 64. 5 Aug 40, 600 7, 140 65. 0 Aug. 
2)... ee 35, 600 7, 970 51.0 Aug. 55, 300 12, 250 51.5 Aug. 
Sioa ea 43, 600 8,510 585 Aug. 67, 700 13,100 59.0 Aug. 
Non-coincidental Peak....... 192, 370 40, 420 oe hie aS Se ae 297, 180 61, 840 SAO” ae ae 
Monthly Diversity Factor................ CIPSOO29) er eed crus wey oe exstous Sra heli CLAOO26 We tae tes. er ee 
Coincidental Peak........... 192, 370 40, 301 54. 5 Aug. 297, 180 61, 678 55. 0 Aug. 
1980 1985 
50t), e 17, 580 3, 860 52.0 July 24, 510 5, 330 52.5 July 
hs th Se rr 78, 440 16, 400 54. 6 Aug. 110, 610 23, 000 54. 9 Aug. 
DS... 50 14, 350 3, 250 50.4 July 19, 280 4, 350 50.6 July 
22. 2 60, 080 13,800 49.7 Aug. 84, 630 19, 400 49.8 Aug. 
ER to cis a) vies oe os re 23, 000 4, 950 53. 0 Aug. 31, 800 6, 780 93:5 Aug. 
0, CRORE da ORS Oe 64, 500 11, 240 65. 5 Aug. 97, 700 16, 900 66. 0 Aug. 
Eg. Dis ces 5 0 82, 000 18,000 52.0 Aug. 118,600 25,800 52.5 Aug. 
Las (AA a ee 102, 680 19, 700 0955 Aug. 152, 425 29, 000 60. 0 Aug. 
Non-coincidental Peak....... 442, 630 91, 200 DONL:  soatesbes av 639, 555 130, 560 DO OTe she Sane 
Monthly Diversity Factor................ CRE OO2 4 )) «bapiey Tete cl teu aie ys na Teather tars Salita (UO023 Vikas Aiticreere wncteratee tebe 
Coincidental Peak........... 442, 630 90, 980 55. 4 Aug. 639, 555 130, 259 56. O Aug. 
1990 19902 
Bate aherrncities uae owes 34, 080 7, 340 53.0 July 
Settee Sid RAP Vea iso's 152, 300 31, 500 5542 Aug. 
AEM ee cele creinviveererereren ee -ees 25, 630 5, 760 50. 8 July 
EN Atvin ss AER a Gb. 5 0 ols 116, 270 26, 600 49.9 Aug. 
Pee Oh oh.) SE ees. 0G 42, 900 9, 070 54. 0 Aug. 
ccc A 141, 300 24, 250 66. 5 Aug. 197, 345 33, 879 66. 5 Aug. 
ROMEO DRE <P 28 .0%..5 0 168, 000 36, 200 53.0 Aug. 
Br OR fh. oOo Ps 219, 900 41, 500 60. 2 Aug. 
Non-coincidental Peak....... 900, 380 182, 220 Hora Fee er 956, 425 191, 489 BOO mailornaes 
Monthlv Diversity Factor................ (GER OOP PA onc: oe. estonia b iicko cicheneie. © Onto nee (120022) Meee ose 
Coincidental Peak........... 900, 380 181, 811 56. 5 Aug. 956, 425 191, 428 56. 8 Aug. 


1 Does not include portion of Iowa. 


4 The following higher load data was requested by Gulf States Utilities Company for PSA 35 in 1990 only. 
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TABLE 3 


Classified Sales for South Central Region (SCRAC) 
(Million kwh) 


ea 


Farm 6 
PSA excludin g Irriga- Non- Sieet eect Total to Energy 
irrigation tion and farm- Com- - Z All ultimate 
and 8 ; é : : high- _trans- Losses for 
5 and drainage __resi- mercial dustrial other con- 
region PPSE a g wa porta- load 
rainage pumping dential lichtin Gon sumers 
pumping a ae 
a 
1965 
naa an NP NUNS nnn an reece eRe ree 
17-F1..... 132 gee eo ne 1, 501 1, 852 28362 ee enc at, ae 632 6, 479 (?) 6, 479 
D5 Na ae aie 440 122 5, 844 3, 807 7, 755 203 7 951 19,129 1,920 21,049 
20 Fea es 446 17 i, atl 1, 289 1, 547 SOMM o> cee 142 4, 621 614 5, 235 
3 Site ace toto 395 18 4, 258 3, 302 4, 994 Ge}8) 6 Weerenesee ce 6 «c 1,010 14,112 1, 721 15, 833 
Ree in Rear 320 4 ae 1,419 2, 599 BD eed pte 266 6, 463 822 7, 285 
RAS nd. Be Le 182 2 2, 741 1, 759 Thy, Seve ES WEA ceee 271 12,410 875 al32265 
37 eid gece 328 73 6, 324 5, 780 7, 031 203 6 779 20,524... 2,109, Sei226a3 
BB wets iiaoatern 266 138 6, 675 5,684 11,459 15] ee eee 449 24,828 2,014 26,842 
ee 
Total.. 2,509 374 30,237 24,892 45,129 912 13 4,500 108,566 10,075 118, 641 
1966 
oe Ee eee Eee 
17-F1..... 135 meee 1,610 1, 963 2 570% occu ogee one eee 695 6, 973 (?) 6, 973 
Dy een ert 474 116 6, 558 4,118 8, 953 216 7 1,057. 21,499 2,120 23,619 
Pe pena 482 19 1,242 1,455 1,600 ce Me ME 178 5, 039 707. «5, 746 
BO os hace 430 18 4, 639 5. 553 By AS LW eee 1, 093 15,405 > 1,920 7 87e325 
8 aa 340 1 1, 944 1, 546 2, 822 Beers 286 7, 026 851 7, 877 
Ce oe 187 2 3,056 1,957 8,117 Re i, 296 13, 694 968 14, 662 
Sree nee 344 67 6, 797 6, 328 8, 167 D2 Oe Eh aee 823. 22,749 2,385 25,134 
39 aie 278 123 7, 332 6,328. 13,275 165 eos oo eee 462 27,963 2,266 “30/229 
Or a ee 
Wal. Ay Go 346 33,178 27,248 51,039 970 7 4,890 120,348 11,217 131,565 
bee a a EE ee ee 
1970 
Bo a ei) ee a ea ee eee 
WE ee cok NTO Pes hls yale ole Rec 25250 2, 680 35300. xt ere eieteleeeee 950 9, 380 (?) 9, 380 
D5 Seer 600 160 9, 700 6,070 13,000 S40PE ee eee 1,270 31,140 3,200 34, 340 
PAST «scab eeer is 42 1, 740 1, 800 2, 344 SOM on ere 215 6, 798 912 7, 710 
cine ane 530 25 6750 0152700" Yongo2 Biogss ee 1,400 23,990 2,550 26,540 
Yes iam eee 417 4 2, 769 1, 947 4, 243 100 4 390 9,870 1,330 11,200 
36 eee 250 3 5, 200 3,200 12,467 GOMES cere 490 21,770 2,230 24,000 
BT eae 503 96 10, 460 8,500 11,400 268 3 1,070 32,300 3,300 35,600 
SB ee is te 377 205 10, 500 8,000 20, 268 SOOY aeeree 800 40,450 3,150 43,600 
ee ee ee ee 
Total.. 3,402 535 49,369 37,897 76,464 1,443 3 6,585 175,698 16,672 192,370 
oe ee ee eS eee 
1975 
WES 160 See eee 3150 3, 500 S750 Nee kh 1,300 12,860 (2) 12, 860 
DOr agenekon 812 198 14, 800 8,970 21,350 4808 =... Me 1,720 48,330 4,800 53,130 
AS Ect Coe 723 57 2, 400 2, 270 3, 507 LO3PR 2s Boer 285 9,345 1,205 10,550 
Oe lie 723 3] 10,100 9000 Isy2s8 Gata ee 1,880 37,280 3,560 40,840 
Ce aN aM 525 5 4,130 29540 = 46/390 SI40t~, ae 510 14,240 1,960 16, 200 
35.44 sae 330 4 8, 800 5,200 21, 546 2508 bin ceeee 690 36, 820 3,780 40,600 
OY keaton oe: 687 108 16,300 12,100 19, 325 S60) ME. es 1,420 50,300 5,000 55, 300 
Shee iJ 507 240 16,800 11,500 32,163 470° ........ 1,120 62,800 4,900 67,700 
a 
Total... 4, 467 643 76, 480) 755, 08091240329 25.05 entree 8, 925.271, 975) 25,205 297, 180 


eee 
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TABLE 3—-Continued 
(Million kwh) 


Farm , 
PSA excluding Irriga- Non- gerne re Total to E 
d irrigation tionand farm- Com- In- Kivh=” Ge . All ultimate L ae 
eae and drainage resi- mercial dustrial rs is at other con- bait 1 at 
i oy drainage pumping dential li acted Sepa sumers os 
pumping eink 
1980 
nee NOS Whi 2 taxis 4, 400 4, 700 Gi GOO Rie pate Meds, ee 5 ae 1,715 17, 580 (?) 17, 580 
25 1, 032 238 22,000 12,140 33,000 Lt a ar 2,300 71,340 7,100 78,440 
29 882 70 3, 130 2, 760 5, 358 Be ie ii seoe 365 12,690 1,660 14,350 
a3 980 37 14,900 13,600 22,855 BUG n ts Sateen 2,450 55,130 4,950 60, 080 
34 639 6 5, 995 3, 230 9, 570 BOOT aie iene 630 20,250 2,750 23,000 
Ch 430 4 14, 000 7,850 34, 971 BROT ei ilscacs ote 900 58,500 6,000 64,500 
37 919 120 25,500 16,500 29, 366 BO et foto tes 1,810 74,700 7,300 82,000 
38 652 280 26,300 16,400 49,698 5 le are tate 1,450 95,430 7,250 102, 680 
motall.~ - 5, 699 755 LtGs2255) 7 7 pO MOL ALS 25723" ke xeare 11,620 405,620 37,010 442, 630 
1985 
ES ie ee LOU ee 6, 290 6, 450 OU ne ret ce 2,300 24,510 (3) 24, 510 
a 1, 304 281 32,300 15,840 47,000 2) (ee © 3,020 100,555 10,055 110,610 
Bee oe a « 1, 048 85 3, 940 3, 260 8, 172 EASE eer eae £50" 7.1037 125077 * "19.280 
Bote tes sss 1, 287 44 20,900 19,300 33,099 RW A ere 3,080 78,080 6,550 84, 630 
Co ee 763 7 8,015 4,000 14, 400 72) 4s pa a 750 28,160 3,640 31,800 
Sos. 540 5 21,200 11,450 53, 825 ASO seks wae 1,130 88,600 9,100 97,700 
BEM 1178 132 37,800 21,000 45, 265 Oo eas 2,210 108,200 10,400 118,600 
38.. 812 315 40,600 22,300 75,038 30/45 | SR nereeneeee 1,760 141,650 10,775 152,425 
Total.. — 7,102 869 171,045 103,600 286, 099 3,443 ........ 14,700 586,858 52,697 639, 555 
1990 
7... Pion aancs core ee 9, 000 BSIIO WS, O00 6 cst iccecaa oe = haere 3,005 34, 080 (?) 34, 080 
he a 1, 580 325 48,000 19,725 64,000 1,040 ........ 4,130 138,800 13,500 152, 300 
20 1, 260 100 4,775 S410) 12,215 ke ene eR 550 22,845 2,785 25,630 
=a 1, 614 50 27,600 25,800 48, 736 Ce | a ae 3,720 107,970 8,300 116,270 
eee eiiisc-s 882 8 10, 425 4,840 21,030 at ke SOL ee aaa 870 38,330 4,570 42,900 
35... 660 5 29,660 16,200 79,650 LY ae ae 1,400 128,150 13,150 141, 300 
“Cr ee 1, 452 146 53,500 26,000 68,912 DO ete sia3 Ge 2,640 153,400 14,600 168, 000 
Be Ales g 990 350 39,500, 29.0007 1135420) 10000 o4.5 was 2,040 204,600 15,300 219, 900 
Total.. 8,613 984 242700 1340235 418963 4.265 occas es 18,355 828,175 72,205 900, 380 


1 Does not include part in Iowa. 
4 Losses are included in total to ultimate consumer. 
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TABLE 4 


Average Annual Use of Farm, Nonfarm-Residential and Commercial Customers for South Central 


Region (SCRAC) 


PSA and region 


Farm, excluding irrigation and Nonfarm-residential Commercial 


drainage pumping 


Average Kwh Total Average Kwh Total Average Kwh Total 


number of per  consump- numberof per consump- number of per cone aaa 
customers custom- tion (mil- customers custom- tion (mil- customers custom- tion (mil- 
er lion kwh) er lion kwh) er lion kwh) 
1965 

a PPO tr a re a a 

oe eee 24,366 5,435 132 363,810 4, 124 1, 501 49, 301 37, 562 1, 852 

DB bes weateycti's eeiows sas 124,930 3,522 440 1,224,225 4,773 5, 844 164,097 23, 200 3, 807 

29. 687555 6, 007) 446 286, 804 3,909 1, 121 55,071 23, 406 1, 289 

S33 gery ek? ead 110,740 3,573 395 999,419 4, 303 4, 258 137,996 23, 928 3, 302 

34.. 73,790 4, 332 320 440,170 4, 028 1, 773 67, 560 21, 004 1, 419 

ees yet nee 44,345 4, 109 182 521,086 5, 393 2,741 66, 655 26, 390 1, 759 

RP eocecroul Ordo Gamers 87,615 3, 746 328 1, 168,064 5,414 6, 324 185, 074 31, 229 5, 780 

B Stned Satine cre ake 56,496 4,697 266 1,100,701 6,065 6, 675 164,532 34, 546 5, 684 
South Central 

Regions. 26+: 590, 837. 4, 247 2,509" 6,104,279 45953 30, 237 890, 286 27,959 24, 892 

a Ne 

1966 

WS. se seg ons 24,200 5,578 135 379,770 4, 239 1, 610 49,667 39, 523 1, 963 

Se eM eee 123,480 3,839 474 1, 248, 981 5, 250 6, 558 166, 756 24, 695 4,118 

DAS) MEN ARS eset ree 68,062 7,079 482 291,387 4, 265 1, 242 55, 048 26, 430 1,455 

Cot ae Le 108, 780 3, 950 430 1,017,974 4,557 4, 639 140, 274 25, 329 3, 553 

Oe ere eet eR 73,010 4,657 340 447,628 4, 344 1, 944 66, 789 23, 147 1, 546 

Soa erase kat: hs 43,610 4,297 187 537, 800 _5, 683 3, 056 68, 880 28, 412 1, 957 

2 eee Ay 86,130 3, 994 344 1,189,617 5,714 6, 797 191,427 33, 057 6, 328 

esis Ooo ae oO 56, 15dp- 45957 278 1, 134,805 6, 460 Uk, BEY 167, 512°037, 276 6, 328 


South Central 


Region. «s..<% 


South Central 


South Cen tral 


Region. 4-6 


South Central 


583,427 4,576 2,670) 6): 247,962) 5757510 33, 178 906, 353 30, 063 27, 248 


1970 


i 


545,170 6, 240 3,402 7,052,700 7,000 49, 369 972, 500 38, 970 37, 897 


i 


1975 


528, 250 8, 460 4,467 8,179,700 9, 350 76,480 1,063, 700 51, 780 55, 080 


1980 


a 


523,460 10, 890 5,699 9,553,000 12,170 116,225 1,156,800 66, 720 77, 180 
1985 

Bs i a ee eee ee 

521,910 13,610 7,102 11,179,400 15,300 171,045 1,251,300 82, 790 103, 600 

ona 
1990 

2122016920 8,613 13,115,000 18,510 242,760 1, 347,300 99, 630 134, 235 


1 Does not include portion in Iowa. 
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TABLE 5 
South Central Region (SCRAC) Monthly Load Characteristics and Requirements 


Energy for Peak Load Energy for Peak Load 
oa demand factor load demand factor 
(million kwh) (megawatts) (percent) (million kwh) (megawatts) (percent) 


1960 1965 
“cy ee ee Se 5, 586 10, 415 72.1 8, 458 14, 862 76.5 
eee a 5, 280 10, 317 73.5 7, 853 15, 111 77. 3 
rete. cosa SH BE. 5, 638 10, 321 73. 4 8, 535 15, 261 732 
ere... COD. Sh. 5, 409 10, 584 71.0 8, 761 16, 721 72.8 
Binvieee:s.....5vt. DR. 6, 029 12, 459 65.0 9, 597 18, 671 69. 1 
J eg 7, 189 15, 032 66. 4 11, 073 22, 498 68. 4° 
4 Se ee 7, 925 115, 982 66. 6 13, 044 124, 589 71.3 
in a 8, 064 15, 800 68. 6 12, 630 24, 203 70. 1 
Septree....).. BAG Se. 7, 086 15, 278 64. 4 11, 189 23, 862 65. 1 
eee. ws: SLA. 6, 250 12, 881 65. 2 9, 274 17, 880 69. 7 
ieee... 0. 1. Pe 5, 664 11, 336 69. 4 8, 940 16, 591 74. 8 
i 5,951 11, 428 70. 0 9, 287 16, 787 74.4 
egies cds. GRO! 76, 071 115, 982 54, 3 118, 641 124, 589 55.1 
1966 1970 
ec. os. G2 ELA 9, 647 16, 668 77.8 14, 108 25, 606 74.1 
mega... ... ee .e0 8, 770 16, 352 79. 8 12, 789 25, 311 75.2 
Oo sp a ee 9, 385 16, 089 78, 4 13, 903 25, 228 74,1 
Moret. 2... RR aak 9, 449 17, 562 74.7 13, 810 27, 281 70. 3 
OS ae 10, 746 21, 730 66.5 15, 859 32, 116 66. 4 
Meriemere sti B. Lai 12, 251 24, 758 68. 7 17, 691 36, 614 67. 1 
Ne vin ores AR OT | 15, O11 127, 440 73.5 20, 388 39, 370 69. 6 
GP 5 WL 4S 13, 767 26, 907 68. 8 20, 672 140, 301 68. 9 
So ee 11, 756 23, 699 68. 9 17, 787 37, 771 65. 4 
cee... os LIT.2U! 10, 432 20, 936 67.0 15, 647 31, 248 67. 3 
Nousers........118./8! 9, 935 18, 184 75.9 14, 552 28, 023 7251 
a eRe 10, 416 18, 469 75. 8 15, 164 28, 036 72.7 
ecionnea..s5....+ +. 131, 565 127, 440 54.7 192, 370 140, 301 54.5 


See footnote at end of table. 
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TABLE 5—Continued 


Se a eee 
Energy for Peak Load Energy for Peak Load 
load demand factor load demand factor 

(million kwh) (megawatts) (percent) (million kwh) (megawatts) (percent) 


1975 1980 
Jans ies ee ee 21, 759 39, 144 74.7 32, 367 57, 708 75. 4 
ebro ee 19, 727 38, 701 75.8 29, 346 57, 059 73.9 
Ras cos ee 21, 450 38, 577 74.7 31, 921 56, 890 75.4 
Apre oct ota te eee 21, 327 41, 799 70.9 31, 763 61, 730 71.5 
Mari oo lee eee 24, 519 49, 215 67.0 36, 549 72, 684 67.6 
Fane og cca A ee 27, 359 56, 048 67.8 40, 777 82, 699 68. 5 
July. ei 31, 498 60, 222 70. 3 46, 916 88, 757 71.0 
Ap. a ee 31, 954 161, 678 69. 6 47, 611 1.90, 980 70. 3 
Sephh Ane eee 97, 524 57, 861 66. 1 41, 044 85, 420 66.7 
Och Oe ewan, 24, 190 47, 921 67.8 36, 047 70, 815 68. 4 
Nove eee ee 22, 474 42, 887 72.8 33, 465 63, 286 73.4 
Dectn os ee 23, 399 42, 799 73.5 34, 824 63, 045 74,2 
Reviod tke Sea, 297, 180 161, 678 55.0 442, 630 1.90, 980 55. 4 

1985 1990 
Janes eee 46, 710 82, 593 76.0 65, 691 115, 231 76. 6 
| nap pace nna ressere ier 42, 350 81, 661 17:2 59, 562 113, 922 77.8 
Nar, co de bax Sos 46, 087 81, 453 76. 0 64, 844 113, 680 76.7 
NES ccna aden Dea 45, 893 88, 491 72.0 64, 610 123, 623 72.6 
May oc s tena ene 52, 850 104, 182 68. 2 74, 445 145, 542 68. 7 
June ia oe 58, 963 118, 440 69. 1 83, 063 165, 358 69.8 
Talytec. exe nat, eee 67, 814 127, 067 7 95, 511 177, 351 72. 4 
Rugs ania tien. 68, 809 1130, 259 71.0 96, 902 1181, 811 71.6 
Septh sae eee. 59, 358 122, 402 67. 4 83, 627 170, 957 67.9 
Octron ee ae ee: 52, 105 101, 554 69. 0 730371 141, 908 69.5 
Novice anes othe fee 48, 338 90, 659 74.1 68, 022 126, 582 74.6 
Dette, ol ie 50, 278 90, 167 74.9 70, 732 125, 711 75.6 
Regions scission: 639, 555 1 130, 259 56. 0 900, 380 1181, 811 56.5 


1 Coincidental annual peak: 
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TABLE 6 


South Central Region.—Tabulation of Monthly Energy and Monthly Maximum Peaks for Summer and 
Winter Periods * for Years 1965 Through 1990 


Ss SSS 


Monthly energy Monthly maximum Monthly 
Year? : for load peak demand load factor Peak month 
(million kwh) (megawatts) (percent) 


ae se a SS a Nl 
PSA 17-F (Less Iowa) Summer Load: 


NOG Speer ahem ocees Sh Shots. oo) oe so Oats 674. 1, 448 62. 6 July 
TORE: Se oe a 781 1, 614 65. 0 July 
DOS aE a rr 976 2, 100 62. 4 July 
MOTOR A a ok Go MorRele ois 6 eae ase 15337 2, 850 63. 1 July 
GENO Ss 3 So, SeRGRRCRS Oks RC, 0 cea 1, 828 3, 860 63. 6 July 
JAG a5 aa 2, 549 5, 330 64. 2 July 
US 2 06 Sa oa cae 3, 545 7, 340 64. 9 July 
PSA 17-F (Less Iowa) Winter Load: 
GBs 8 So a ROCIO ae ee 538 1, 057 68. 4 December 
GENS, c, doce Gaui Et Ae ot eee 572 1, 106 69.5 December 
NQAD « 5. oice Ges aenORMENeRG Gee oe 779 1, 533 68. 3 December 
SRDS 54. Ia a oe 1, 067 2, 080 68. 9 December 
IQEEID)s 5 |’ Gu cube ORIG cece eee 1, 459 2,818 69. 6 December 
NOS Sere sear rc e ois ootie Soo ease 2, 034 3, 890 70. 3 December 
NO SOMMER et ooo scabs Petes aus ea aw se 2, 829 5, 358 70. 9 December 
PSA 25 Summer Load: 
MOG OPER cia ciel ci she eee Sab ateé Feels 2, 326 4, 135 75. 6 July 
CSR. Sie ee 2, 709 4, 781 76. 1 July 
US 8 Gs ee rr 3, 640 7, 260 67. 4 August 
1OU/3), 35-6 Sa eeie ro ae enn 5, 631 11, 170 67.8 August 
LSD: . 9 ae ieee 89315 16, 400 68. 1 August 
2S. o ods Aenea ee Lie 25 23, 000 68. 5 August 
MOD OMI see AE ee ieee a ele 16, 144 31, 500 68. 9 August 
PSA 25 Winter Load: 
SSB 5 be ro ERROR Ce 1, 716 2, 890 79. 8 January 3 
BOOT is eS se 4 hss ck se 1, 868 3, 152 79. 6 December 
JOA, ld ee a a re DING 4, 680 77.9 December 
| ETS se 4, 197 7, 140 79. 0 December 
ICED). ob 2 ott ee oe CC ea 6, 197 10, 410 80. 0 December 
NOS SPM EEN 8s ices scree ciseare 8, 738 14, 490 81. 1 December 
NSISO)-, wes Sige RRR Ont ee 12, 032 19, 700 2, I December 
PSA 29 Summer Load: 
MOO OMe coe sicis. Ghee aso ale onesies slsve 529 1, 196 59. 4 July 
LSS. 5 Fe: aeRO NENG ERS Oo eee 658 1, 270 69. 6 July 
Ws Senden Sie a ae ae a 794 1, 760 60. 6 July 
i udig eee 1, 089 2, 400 60. 9 July 
IS Oe oe he tores oie ats. See esos eee kale 1, 478 3, 250 61.1 July 
NOYS . add oshtgcens Oh REL aC ERE ae ae 1, 986 4, 350 61.4 july 
BOOM. oe orate aie cc sc sche es 2, 640 5, 760 61.6 July 
PSA 29 Winter Load: 
MOGO Renee ins by haters cae hee busted 454 873 69. 9 December 
OGG ME ee ee as De eee ke oes 503 877 THis Ml December 
WO OMANI ro os ate Mathie bbcis S sun hs 673 i, Bae 66. 8 December 
I oioy AAS Ei ee 921 1, 850 66. 9 December 
OE Bnet tse Chee tes iavieis ols Ga eave 8 252 2, 500 67. 3 December 
119835) 5 od. cheitcin lon RO ERE RRC RCO IRE Eee 1, 683 3, 350 67/55 December 
NS OR ee et ean de ce ee cael 2237 4, 435 67. 8 December 


See footnotes at end of table. 
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TABLE 6—Continued 


eo a a ee eas 


Monthly energy Monthly maximum Monthly 
Year? for load peak demand load factor Peak month 
(million kwh) (megawatts) (percent) 


oe ee Ee re 


PSA 33 Summer Load: 


19903 e8 RS TCM O RENT COD. 
PSA 35 Summer Load !: 


See footnotes at end of table. 


1, 787 
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65. 
70. 
62. 
63. 
63. 
63. 
63. 


PONnNeH ODO 


74. 
13. 
68. 
68. 
68. 
68. 
69. 


OMON DANO 


62. 
70. 
63. 
64. 
65. 
65. 
66. 


=—Oore OO ol 


69. 
76. 
ips 
74. 
76. 
78. 
80. 


ooooo°;cn 


LP 
77. 
fis 
78. 
78. 
(EP 
fe) 


OWntooartn 


83. 
81. 
79: 
79. 
80. 
80. 
81. 


hI POO 


(pe 
66. 


NIWID OD 
-rSoe 
eH RPOOMN 


July 

July 

August 
August 
August 
August 
August 


January 
December 
December 
December 
December 
December 
December 


July 

July 

August 
August 
August 
August 
August 


December 
December 
December 
December 
December 
December 
December 


August 
July 

August 
August 
August 
August 
August 


January ° 
December 
December 
December 
December 
December 
December 


July 

August 
August 
August 
August 
August 
August 


TABLE 6——Continued 


Monthly energy Monthly maximum Monthly 
Year? for load peak demand load factor Peak month 
(million kwh) (megawatts) (percent) 


a ra ee ee ee 
PSA 37 Winter Load: 


BD OO Beet emt yoke erases erect cvteeroacaypgre haa vs 1, 708 3, 164 72. 6 December 
LQG). - once QUse Cees eee a ean 1, 941 3, 457 75. 4 December 
Te tn i re 2, 706 5, 260 69. 1 December 
LOE. 95 rr 4, 203 8, 085 69.9 December 
BPE oss oR ohn sh cco oie o WARE 6, 232 11, 880 70. 5 December 
NO SOMERS yore MRSS te cc c,6 Chord. cveioncy GHB 9, 014 17, 028 UMN, 2 December 
ISOS 6 6-6 OMA cee os d oat saa a 12, 768 23, 892 TAS December 
PSA 38 Summer Load 
Bem sa RI eh, s ss kv wees 2, 914 5, 297 73.9 July 
Eso cages eo Ree 3, 305 5, 927 74.9 August 
Peper ia ME, oe oss ey wee ae 4, 796 8, 510 ee | August 
SE oS Se ok a a a re 7, 447 13, 100 76. 4 August 
OSC. 2 5 co eg, Oe a ee 11, 295 19, 700 Fiat August 
NOG OMPEME eas MEAG cleis cls ics ove «ltt 16, 767 29, 000 Vid August 
IDO. 5 oc) eRe coon: le a rr 24, 189 41, 500 78. 3 August 
PSA 38 Winter Load: 
RCO =. oo ek i 6 ines oc sbonte 1, 987 3, 767 1323 November 
MEME ae sca ky 6 fees Palas se 2, 249 4, 240 73.6 November 
OM 6. ye 5 2 re a 3, 183 Gm 7 Dae. November 
SEY Sac hs Se UE a 4, 942 9, 432 28 November 
oO uray hs Se Se, Se 7, 496 14, 184 73.4 November 
OES) .0.0:6. 01g Cp OeeREG ce ae iNT, Ween 20, 880 74. O November 
EO. aio SRI hs eR eae 16, 052 29, 880 74. 6 November 
South Central Region (SCRAC) Summer Load 8 
(O88. 0 ee ee 13, 017 24, 589 7ieek July 
OO ENOCH Hiei vem nce oncrs are oonensexereneraie one 15, 010 27, 440 T3525 July 
DENT 5. cual iy og 20, 672 40, 301 68. 9 August 
NOTE Mr ae io icudaeie tue behaves 31, 954 61, 678 69. 6 August 
LS) enero cert na ee 47, 611 90, 980 Ons August 
| 23D othe SEO ae 68, 809 130, 259 71.0 August 
OO OM ere acceler oats Saks ates 96, 902 181, 811 71.6 August 
South Central Region (SCRAC) Winter Load 7 
NO GORE ere Soot che ee alee eso Grnss 9, 287 16, 787 74. 4 December 
NOG OMe e ere seca ite cee ce dese s 10, 415 18, 469 1550 December 
AU iiss ph a SE Oe eee 15, 164 28, 036 72.8 December 
Be erty eee s Suk a oss 23, 399 42, 799 73.6 December 
MOS Omer tart rotor cas cate sates oss 34, 824 63, 045 74. 3 December 
NO SOMME ei cleo cuss cists te cates ols 50, 278 90, 167 75. 0 December 
EA) csc ATE A 70, 732 125, 711 7S December 


1 Summer period includes months of June, July, August and September; winter period includes months of November, 
December, January, and February. 

2 1965 and 1966 data are actual; all other data are estimated. 

3 1966. 

4 Gulf States Utilities Company requested the following higher summer peak load data: year, 1990; monthly energy 
for load (million kwh) 20,124; monthly maximum peak demand (megawatts) 33,879; monthly load factor (percent) 79.9; 
peak month, August. 

5 Gulf States Utilities Company requested the following higher winter peak load data: year, 1990; monthly energy 
for load (million kwh) 15,496; monthly maximum peak demand (megawatts) 26,087; monthly load factor (percent) 81.4; 
peak month, December. 

6 Gulf States Utilities Company’s request for higher summer load data in PSA 35 raises the regional totals as follows: 
year, 1990; monthly energy for load (million kwh) 102,613; monthly maximum peak demand (megawatts) 191, 440; monthly 
load factor (percent) 71.6; peak month, August. ; 

7 Gulf States Utilities Company’s request for higher winter load data in PSA 35 raises the regional totals as follows: 
year 1990; monthly energy for load (million kwh) 74,924; monthly maximum peak demand (megawatts) 133,126; monthly 
load factor (percent) 75.7; p-ak month, December. 
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TABLE 7 


Summer and Winter Peak Loads and Seasonal Differences for Two Groups of Power Supply Areas in 
the South Central Region, 1965-1990 


[Megawatts] 
i 
Year !} Summer Winter Seasonal Annual 
peak load peak load differences ? peak season 
For PSA’s 37 and 38 Combined: 
L9G ee eae wie cde eee week cae) aoe, oer tle Veer 3 10, 269 4 6, 847 3, 422 Summer 
TOGO Peer dw das eee ony eee 5 11, 548 #7, 659 3, 889 Summer 
io Y {4 eee eee Ey aM meen eS rial ac 16, 480 11, 387 5,093 Summer 
hoy eg ee een ract hie mom tid Senn cco ts 25, 350 17, O17 7, 833 Summer 
POSO eee 6 cc conn eae cutee Ne eaters teen eae 37, 700 26, 064 11, 636 Summer 
LOB 5s ceoeess © AS ton tee Pd Sc Ree ee cn 54, 800 37, 908 16, 892 Summer 
L990) ee as ene on enees Ree here) ates en ee 77, 700 53,772 23, 928 Summer 
For PSA’s 17-F, 25, 29, 33, 34, and 35 Combined 
POG 5 reed. eis aero eens re See ce eee 314, 320 6 10, 058 4, 262 Summer 
FOGG S Petit 6 ciete tied at oe goa a eornenniceon te EN 3 16, 000 6 10, 842 5, 158 Summer 
LOZ OS ee iic hac eb AG 2 Ronen oee as eee 23, 821 16, 649 7, 172 Summer 
LO 7 Sich oe Laan aes ate oe tn CoNreIe eae 36, 328 25, 282 11, 046 Summer 
| R255 0 pes e errecghie dhe ee Ett Parodn aos 53, 280 36, 981 16, 299 Summer 
VS G5 cis wes cecn stere tenet ctiels aite a tees Out are pet 75, 459 Lavage) 23, 200 Summer 
16S50, 0 Pap ad men tener ot Jaa ede Succ mcn oo a 104, 111 71,939 32, 172 Summer 
For South Central Region (SCRAC): 
TOG 5 eee ce Aaah te epic eal reece rat neg 3 24, 589 6 16, 787 7, 802 Summer 
VOB 6 tre es c/o, Lom tae oa o ar aerate ae iene eee 3 27, 440 6 18, 469 8, 971 Summer 
VO7 Os ee Sects, AE eee lw ay ons ee aout eens 40, 301 28, 036 12, 265 Summer 
|G W A bpd te Ween e disk Seber mG aca nme yCga aS 61, 678 42, 799 18, 879 Summer 
TSCO ao eee hh oe eres ot Sg Se ore 90, 980 63, 045 27, 935 Summer 
1985 ack ie retan he uci one eet et roe aca 130, 259 90, 167 40, 092 Summer 
1990 Reheat ccocntee atte th eon eto tatohign nan eee team ee 181, 811 125, 711 56, 100 Summer 


11965 and 1966 data are actual; all other years estimated. 
2 Due to coincident seasonal demand. 

3 Peak occurred in July. 

4 Peak occurred in November. 

5 Peak occurred in August. 

6 Peak occurred in December. 
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TABLE 8 


Electric Load Centers in South Central Region 


Load center Net energy Peak demand Load factor 
(Million kwh) (mw) (Percent) 
[1966 Data] 

PSA 25: 
nS NS ee ae Se 470. 5 93. 0 57.8 
STAPLERS. No, | HW Re 76.5 56. 3 
GSP yt is a ae acon et §, arn 638. 0 140. 1 52.0 
MR RMN eo fas 05) 45 5 eee Poe Waites isi oS as ove ae 638. 0 140. 0 52. 0 
ROEM ea sly ch chk eosA et MRE eee ee aow A ws a weds 413, 2 87. 3 54. 0 
Ur Oates Rit 2 ae ae ie 7, 542. 9 1, 536. 0 56. 1 
EMM co wiles © Paes Pec aaicdcmeeee 1, 672. 3 404. 1 47.2 
SE RC ole eat. ac Winioe ch ¥ Gane 4 ave tess 556. 6 12272 52. 0 
Se RE ie a clonic seb ales by denen sc kaeas es Wey) 232. 6 57.7 
ee ee en ns Oe Cede heaw ees 359. 5 76. 0 54. 0 
ENO ee cen GRO cen beac ee eens 1, 758. 0 334. 5 60. 0 
RE RS cone a cic Vegeta wink sek Slee Ws arate 3, 042. 8 453. 1 76. 7 
one tL Ua See eR | ie ose ea a 1, 095. 9 22), 4 56. 4 
SERA cas hae ee ae cae ald owas e 909. 5 185. 9 55. 8 
MRAM ES LOEB LIS patos ech anchs Gnsnanerd dete dowey wanna 699. 4 153, 5 52. 0 
OES JO ia ie on heal NEE 9, Oh Se ae 571.9 136. 0 48. 0 
irre tee or A Gees Se oa tae ke oe Tes eS 536, 4 120. 1 51.0 
Jegys AY I GANA lS ee CG 9 Oe ere a 587. 6 139..7 50. 0 
UIE SSS St be Ni iS a 563. 7 1285°7 50. 0 
Bea LOLAL Se es cee RT cs ceo wea S 23, 609. 1 4, 781.0 56. 4 

PSA 29: 
“SDSS JAC e A sae ee 25 200,.5 439. 8 wy Pa! 
Pee nS. Fo eR ae oles oth bubeaees 445. 1 111.8 45, 4 
SELES S 2 lg al eae cba shok oie ee ga ae ea 572. 8 142.6 45.9 
Co Ws LL pe eens 2 aa a 719.7 202. 9 40. 5 
Sou Lep (OS Ree 728. 1 118.5 70. 1 
Ese CII i RRR 2 a a 993. 2 229. 4 49, 4 
SSS a hye ed ae 86. 2 25. 0 39. 4 
PPAUOLALI A eet ee See ts Slee eka tes 5, 745. 6 1, 270. 0 51.6 

PSA 33: 
ev 5c oes Oe See a se ea cess 2, 630. 1 703. 9 42.7 
Selle 9 EA eae, a ee 1, 272.0 249, 7 58. 2 
eee ee i sc caine tc. Sas sete eae 589. 3 122. 3 55. 0 
SG Ps ge 881. 3 211.1 47.7 
OES 5 0 | al irathel GOR ee EGAN Si Pall i 1, 044. 2 251. 3 47.4 
RRMA LY ce Ae Ses theta Cais ale oss, ae 4, 055. 0 810. 1 57.1 
ony lau ateelit nies A's Ae deat aaa ane 1, 247. 3 283. 6 50. 2 
GLa og ht eth Aol AS ake a alae aaa 1, 014.0 eros 54. 3 
EEE eel Rete Ani Ur Sah a 482. 8 112.0 49,2 
U2 SLOAN ei cette Oe | 9 BAR aa ee a ar 552. 0 126. 6 49, 8 
REM AA ene > oe like witiehe ts we 6, ooo os ties s 548. 6 145. 6 43.0 
RMS Mente te tit 5,255 oe Wt osm 'so.6 >. 6 <n es oe 1, 243. 8 317.5 44,7 
SOUND Ube uo tara eae agg 1, 310. 1 339. 8 44.0 
JS "Ges BARA ie ena: | IMS a tlio idl aA 454. 4 138. 3 37.5 
re AY 0 AEA A Ei AA 17, 324. 9 4, 025. 0 49. 1 
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TABLE 8——Continued 


Load center Net energy Peak demand Load factor 
(Million kwh) (mw ) (Percent) 
[1966 Data] 

PSA 34: 
WACHTER. ssp sigue! aren alae OP, won creme rem eae 3, 068. 5 662. 1 52.9 
Chanute We. ccc oa isp ae MPa cemeteries 878. 3 167. 8 59. 8 
Sprinighicha. |. So ceccrs.c ciate! ouste MiceeRe ale ela) ener suerniemetes 2, 687. 7 547. 8 56. 0 
Warrenburg cs) osc. cccu coe te oe nue ere erat stares 1, 042. 9 250. 6 47.5 
Whassigned oi oo. o.com tee nye or aeruaeier 199. 8 50. 7 45. 0 
PSA. total fierce docs fomeatire sre ict sierere rsa 7, 877. 2 1, 679. 0 53. 6 

PSA 35: 
Bryati set heiesc. cc, ois stig ae crete rts) oceans eee ern iat 808. 4 161.9 57.0 
BeAaUIMONE. So c.csre oi scr-c case otetea siete say eee rertelianrees 2, 856. 2 506. 6 64. 4 
PortcArthurs oc cscs. screen e troc ree athe orien 1, 494. 3 262. 4 65. 0 
Dake Charles). <j cacsod cetera eiece ccctorerneneroncas 2, 534. 9 445, 2 65. 0 
Baton*Rougesc. t. .ice tre e esis e 5, 209. 0 881. 9 67. 4 
Alexandria: 5: 3 2 cale ceuactoeveihe-c oro erence ee 1, 604. 8 385. 7 47.5 
Wnassigned Ha aeryecricic ken tor rateneetersr neheacn sis 154. 8 35. 3 50. 0 
BSA totale ce: ercssspetotet ttucsrnc ane wiciate atersiorers 14, 662. 4 2,679.0 62.5 

PSA 37: 
Dallas ie. Sos Nenewas te. Rat eae eae stearate oe 7, 788. 4 1, 932. 8 46. 0 
BortS Wortlis staccato sin vad ea neieyhothecun see eae 3, 687. 9 956. 8 44.0 
1D Yore We  heararmanacnsm entender a yreinactercitearimieanibeerantn gn 385. 1 101. 4 43, 4 
Paris Sep ionsa tvs a casi nee Be a eaten 526. 0 129. 6 46. 3 
Sheriian iss sa00csc csc ce anh seni Cieaeeeaae 736. 3 171.8 48.9 
Stephenville p08 Soca okt eee nats eo sclaayns een 467.0 123.3 4392 
AL VICK Bee icjcte ai cvel cs cesarean nomenon enero seeclsNeeAona 620. 0 138. 8 51.9 
afta a ees, 5 5 cea ecaeaain ate Paw ag oe tee a ene 669.7 127.4 60. 0 
Palestitietin.s hn. sa ee ran. Ge Sek Oe lowes Sen 668. 8 165. 9 46. 0 
Waco et Pet Pere Re aoe aiaeltislaventaes 1,018.5 212.5 54. 7 
Dermple Seite ets Sith artery Wee me vnspece we ene eiawege ‘ 959. 7 120, 4 49,0 
Taylor re Pt eae oh omer oho sumone ttapere 632. 7 123. 8 58. 3 
Wichita Pallsote tse coe oe ee ee eet 1705529 219. 8 54. 8 
Abilene Mees ioe tia ee oP yma ae den, vases 1, 221.8 240. 5 58. 0 
Bar Ane ela’ cit siice-s sya aiavarn a oe ea Bua. ules eaten OO 601. 3 12955 53. 0 
Odessa Rtrd,i sce sguveracin cae vole escarole obs treet 3, 112.1 493.4 72.0 
Big Spray os .08 ois & ceeciai'e de ties errs wim hesee wt 1, 194. 2 179;3 76. 0 
Wnassioned (aan acucracte sen cick iy ieee re 189. 1 54. 0 40. 0 
PSA fOtal oy. ce soletae phe aioe ceo ne eee 25, 134. 5 5, 621. 0 S18 

PSA 38: 
ET OUSC OI teio sis: sh wages Mee roparomcs ms Semen 18, 259. 4 3, 338. 4 62. 4 
SAMS UID ergy vite rojo. aey tee te Re mire ea aol 2, 803. 0 621. 3 SS 
San Antonios gece cee he eile eee ee BOONE 759. O 46. 5 
ViCtOti ah: on eau oe uate Ae coho wan Renee 1, 956. 0 366. 0 61.0 
Gor pust@hrisityncc cats nte Me emoein. ara craemue canteens 2201 440. 5 58. 5 
Harlingen sen aia te eee ee ee eee 1,011.9 230. 6 50. 1 
Liaregdome cies, .cace Joie Me eein pa eraw een meena 786. 6 154. 8 58. 0 
Winassigned nt ici saute atttomrs ea maar sioner 63. 5 16. 4 44, 2 
PSA total 4 i6 ns Rhee nee ones eee 30, 228. 8 5;.927..0 06.2 


PSA 17-F (Less Iowa): 


Warisas (Gity: csccastnwlaveer or cia nto oe ba esa 7, 078. 0 1, 664. 0 48. 6 
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TABLE 8—Continued 


Load center Net energy Peak demand Load factor 
(Million kwh) (mw) (Percent) 
1970 Estimates 

PSA 25: 
BACON Wee a sh meydeg CPO ee sR So 6 760 160 54, 2 
MERGMAEVL APMP MM oho sie ooh 03) hs epee © sip oh nce site oie were 580 140 47,3 
Be CULU ELC eeuercrems: fa eh el ores sp ozssy SVs Si erareee) v's wud ss 815 190. 48.9 
EY cg BSR RO ee Se 815 190 48.9 
eo eee eee eee 580 130 50. 9 
PROCS sch ise cigs Amie ieee Hie PORT RT En eas > 11, 900 2, 490 54. 6 
IOMNOG MME Ne eratele oii aieist Sains NMG Dele a aratne Gs 2, 500 640 44,8 
EM Re Rey i hors ae aetna eae ean ems 56 740 170 49.0 
MAREE ae Ce Nici fiche poh adoptees al woe ER MED 1, 840 390 53.9 
Re Ma gio chai Nr RERN Sis dovtin od Wa 0 500 110 51.9 
MC a or ae ctpiey oIhe der R HS aH 2, 530 520 54. 0 
NEES ed cure vals 5 ave CS AE a Rar a Eiw aller 4, 300 660 74.0 
SEWN Re ita ogee ed osteo es AERO So 1, 400 290 55. 1 
RE MEO Rs he VAI a HeuKin vo Sale whe os Sx tes) 1, 160 250 52.5 
OTIS aoe ad peel San hb oe ee eed eo 960 220 50. 0 
OSNEWS ee ee ee 620 150 46. 0 
ORO BR LNs Ses eee daa Rw Res 740 170 49.0 
MEL ores oe Sas hth okey UMN Se sche oie ha 750 190 45. 1 
RIO NOD ooh xh cte sod Bete oe vv de eo es 850 200 48.0 
ae OCA ete cine: ah SEM Ae el siul bee hws 34, 340 7, 260 54.0 

PSA 29: 
ES SEE erst eae otc ae aa 2, 900 610 54. 3 
ERR EALIY haps in IOR eed Sd eo daee tes 580 150 44.0 
COLTS. DS ee eae A ee 710 175 46. 3 
BG PEED IRD ifort chs! aig) shale wo RUG alo te s! avalata‘atel we oles 960 270 40.0 
CONS Pea as ae 1, 070 180 67.9 
ERNE Basta chek sist char ate AMOR ad Sav inl ov oa dhe ofa 1, 350 330 47.0 
es ETI sg iis estistes «MPa sere v'a. hei! ar aie tes 140 45 35.5 
Ba AUSGAL «haze srs) tec a EEL anne Solar enews whe 7, 710 1, 760 50. 0 

PSA 33: 
GSA ie. viens’ otatehalelsishs-o NOS viaree Seoliatatetivar ets 3, 970 1, 030 44.0 
RUA BE ayes hc hcrorsr vid wie’ stare AMES eer ole! elie a sKabaatats 6 1, 930 380 58. 6 
Cee eee 720 150 54. 8 
MEE ILE EEN bots tatiemcheh ohctohai etry deuverslwetnia! shilieiameisnenace 1, 340 320 48. 1 
ETS Ch rel voc esse eh GI ole! vi ePsini Ga! elave's 1, 650 390 48. 1 
CTS) ON er 6, 610 1, 340 56. 3 
MIRON arate sc ocho die! shal senile e'e'el aleve! sles wie 2,110 480 50. 5 
DRDO ar sort oie sy avatota's''s(s/elgllal 6's'4' eles slebelslete a & 1, 390 290 54. 3 
eee a tah s hal sich oh silo! MRM Patel si oia's alal salar, © 770 180 49. 6 
OG SO ee re ee 830 190 50. 0 
BID a nhs (atata) estate ac Gilet !e'slate'eie'sie's's'sia'e' 830 220 43,4 
WONT NANA oSarohs ain! tat ch oMIRIN oh lche'w'allelstarel atsiete's 1, 980 500 45.0 
STN ites gts orale cls! s'd'o ha" Giaiare'eta’o s'areleie's sive e & 1, 860 480 44.5 
ROCA DAI TOLD 8 oka Vata ia atelier! ah ataanea'a sai oth al’ahe ce 550 170 38. 0 
Bie COC Alls «Rios ces Che Wee's ote e's "ei '6 5's, 26, 540 6, 120 49,5 
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TABLE 8—Continued 


Load center Net energy Peak demand Load factor 
(Million kwh) (mw) (Percent) 


{1970 Estimates] 


PSA 34: 
Wichita sis.) oye! cusis stores tore yepaucgeto sen eusin etoknsteneisuets 4, 100 910 51.3 
Chanutés.. «seston ot oc seb ecuertettr 1, 250 250 58. 2 
Springheld! doc fs ucocee nomen ee euies se eee 4, 090 860 54. 4 
Wiarrensbures. a. ee aeeuereamineren cree 1, 520 380 45.9 
Unassigned c/n. 0 ase unsuenoies re ertousnetee beetle 240 60 44,0 
PSAs total 555.2. econtepros low cram ate crete ote 11, 200 2, 460 52. 0 

PSA 35: 
Bryans or. oo ast aignkign eters thsi le decanens ateseon skeen etait alee 1, 260 240 59.0 
Beaumontc nec can sos Ree Ee ee en elaine 5, 150 880 66. 5 
PorteArthur nc aoe ea eae ee arene 2, 190 370 67.0 
Take" Charles’ 2.25.0 se secs caepea eee ae hee 3, 590 610 67.0 
BatoueR Cuvée... sie saunas ems deepen rere ae 8, 790 1, 450 69. 0 
Alexanidriaics. 0 os ceierauiss coats rote ee rere 2, 840 650 49.5 
Wnassioned 1.4 cones ice se ly es ores 180 40 51.0 
IPSAttotals eg aueee creo ate eae rae oe eeke 24, 000 4, 240 64. 6 

PSA 37: 
Dallae erie: Renas ec tenn eee eee ee ee 11, 000 2, 730 46.0 
Fort§woorthiin: ofits u ousercet cei aie ee cee eens 4, 910 1, 270 44.0 
DD ENON ere sos, cs Pots eds OF ee ee ae 590 160 43. 4 
Paris. 2s 2 carsot wosueselabnse sara es rat eee ae epee 900 220 46.5 
Shhemiian ss .h.2 ce ern weit cas hee ee 1, 010 240 49. 0 
Stephenville’ sj... oat eae eee aceon Ae 690 180 43.5 
PLS era teers jooeer ap she cae dency g vat eteed ha ckehea ese ote 890 200 51.5 
iibkeari areca waciree dcop ee einer ee ane eee 1, 080 210 60. 0 
Palestime. atts i ae aie eee ee 1, 030 260 46. 0 
iA heYor is eat opie iene nino Me cameos Gos EM eee ytd 1, 410 290 54. 7 
i Rossa) 0) hr ana Re ae OE Sea ret eR NOMA CEI Tn 810 190 49.0 
PAV LOD tie nositnccpcseusaniere is, sees gekekenees ape nar eee 1, 000 200 58. 3 
Wachitatealls me eee: meses etre cach ice tce Rera een ee 1, 420 300 54. 8 
IN) (Sele netcRe toto ye EMER CILAy here aro otto tne os 1, 590 310 58. 0 
SanyAngelowisas aecoscr spencer a ees 800 170 53.0 
Odessarerrca veteran een EL eer rae 4, 580 730 72.0 
SIG PS UMA soleus esenseracr as aso wierenen neato creteganeaeneer sas 1, 670 250 76. 0 
Wirassioneds emai rner err race ee 220 60 40. 0 
PSAnto tals iccs yo scares nee ter enema 35, 600 7,970 51.0 

PSA 38: 
FV OUSTOINS, 5 cehecesehese super cusuate raryeace vel eros rere orteees 26, 900 4, 920 62. 4 
AUstin wires ciao hoe Le ein 4, 000 890 5YR5 
SanvAntonlos was. nasi ee oe ee 4, 250 1, 040 46.8 
WiCtOnl a. sae ce eae ee eee 2, 900 540 61.3 
MorpuisiG Dist sn, sat opecae ae rete cae, Lae Rere re eae 3, 100 600 58. 8 
Pati gens Wo aicissodeeis cute thet a eee 1, 160 260 50. 4 
aredowr peek dasas ota nate ee 1, 170 230 Sono 
Wndssignedsi2 Seek nisi scmk eae ee 120 30 44,5 
PSA total eer. tak ee eae sees 43, 600 8, 510 58. 5 

PSA 17-F (Less Iowa): 

KansasiCity cin acs neces ee eee 9, 380 2, 100 SLO 
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TABLE 8—Continued 


356-240 O—70——5 


Load center Net energy Peak demand Load factor 
(Million kwh) (mw) (Percent) 
1980 Estimates 

PSA 25: 
BLOOM AVCU MR ore iokebekeuc oss fe ekededereh ene si ec suaush cusntuess 1, 430 300 54, 4 
“Servis 2 Cis SAR ee one 1, 520 320 54, 2 
HECCH VAL CM ror wer Gari cil- ike) esa su ston shiv ewerechesnutoates Gveave a 1, 570 360 49.8 
“Sepia, os <a ee 1, 570 360 49.8 
TTS SS SOE Sauaeaepasuekenakewsts 1, 360 300 51.8 
BR SLOTS Boi EF GEh wich da aiton aos acoso ty sa aaeRohanslone. ens 30, 000 6, 180 55. 4 
Bo aR Fa Nas cei Dinicar ce ayaren shal eusr ay atid gnrhav'ehs) sy aan 4,920 1, 240 45.4 
Bea ANS ee aston nlopavsi's op ip svn sora arshen'ener se adliena'ars 1, 800 420 49.5 
ee Ny of accor cnal ol hia nas av Shae aga elins! Saha w or 6, 360 1, 330 54. 6 
RR IM I ag cH iso ds ach agur etn G ese sss oval a. drarel nah Bes 1, 090 240 51.8 
BETH EPROCK 3.50.55 5 0 SEERA RAM pacer viatans aoa anes 5, 980 1,250 54. 8 
PS ISSN estes 6 os) sisal chp ati Vin vie agen ag 8, 710 1, 330 75. 0 
PET PEG. 5 iso cau uated Ap he bee ee 2, 280 500 vent 
EMD OAC Ome sve cia rick 1ini's) ft qisksha Mi kua Wain Sale vara etic stale 1, 990 430 53. 0 
BPP IED Sica cs iran din eh sialans dele da ed ee ee 2, 080 470 50. 5 
OE CRIS 6 ps A AN 760 190 46.5 
RESORT ERAN tied Sa sw Fao o atae god alee Fase « Lio LO 350 49.5 
POD ABONUE Flo a ah 9 2 Gedg o Syeha oe Vk oS 1310 310 49.0 
UTES eg 208 6 a 2, 200 520 48.5 
a mOtala 68 eed osaus aid leh cus eee oa 3 FES 78, 440 16, 400 54. 6 

PSA 29: 
SE AMEN Scie eis5 ied aig hE Ala ws Seis OE Heo os 5, 190 1, 100 Dong 
NEATH ALLATIME ga a ta aac oko cyaghers ah naa ee wea A aS 1, 080 280 44, 4 
ASTI Ne MH Ria ie kpqucs heim HER SADT AE LE 1, 020 260 44.7 
FAMLCHINSON ns sans ste ais se Seas SS oe eS 1, 790 510 40. 2 
Garden City......... Fe ee ee Be eae 2, 330 400 66. 5 
RANGA e084 652 25 G Sphatys cals Sb vb eS ESS SOS ee 2, 580 600 47.0 
MEPASSIP IN CC Hi be Ries yaches Ge Bek 3000 5B ae bos 360 100 39.4 
POAMOLAl Mees st eee cas Sets Sens kb 14, 350 3, 250 50. 4 

PSA 33: 
EUR MIIOeTS 20 So Sogo os tyes Sa se Serene ss 8, 580 2, 170 45.1 
eae Shak SS ytaans ise ses weno ale ays 3, 790 760 56. 9 
Bo eCAN ALOR ae 0e:5 2's. FSS /aleht e.% 6:9.99% Bho a4 508 Bays 1, 200 280 48.9 
Dh A OS ge ae Rae ee 3, 470 820 48. 3 
PCR ees fess thus ylp ete e as oes e 68 3, 680 870 48. 3 
MBIA DOMIANCHLY 6555 068 kb E eco vets s ace eadases 16, 800 3, 320 57. 8 
HRA WLOL ES hoo s S08 cs 8.5 acon SS be Bee oa 8 88 5, 320 1, 240 50. O 
RMSE ON ARN Lae CALS Sos AGS cie8s £5 530545 958 50 2, 830 610 53. 0 
Ree reeE Met O85 ee osteo as 42 SURO A 2, 000 460 49. 6 
SUT SSL Oe OR eae aa aaa 1, 930 440 50. 0 
ER AC AHAR SCE eo. beste S45 US wae ORES See 2, 110 550 43, 8 
RISC ORE ec os Gis ss SG stab eae ASE Bae 4, 360 1, 190 41.8 
SOON IRs PAGER A Soe Gs bS tb eS Geese bs 3, 240 860 43.0 
(ONES gic 0 er rs ee ee 770 230 38. 2 

a steric sae An a BIN 
BSOUAOLAL ss ha a ee ah eh ET se bo 8 ee 60, 080 13, 800 49.7 
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TABLE 8—Continued 
Ne eee eee ee 
Load center Net energy Peak demand Load factor 
(Million kwh) (mw) (Percent) 


{1980 Estimates] 


PSA 34: 
Wichita javaiiev.tovotenecaveuvserchs ukeyaney arelchonshcvexenok-nekonecne 7, 380 1,610 52. 3 
Ghani tes, jiciaesvensevcuster ovens tesvaneh eveuouone chow ot corcweueRotenet: 2, 370 460 58. 7 
Sprinigtield 5-9 sca secs ax aercugyayatoncher os egensack tuner ines 2) ae 2, 060 54.9 
Warrensburg .iiccccs ce ic so opinihe oreo tenn ete eaer seal fore ZOU. 730 45.9 
Unassigned... sts asin es 9 onc ter eraererenis 350 90 44.0 
PSA) totale nicimarspaaou bu cerserh cre tezanerne 23, 000 4, 950 53.0 
PSA 35 
BB yy Aig et enc oeon vac oue Pen susdes cae sek mercer Po alk octets ais 3, 220 620 59. 5 
Beaumont {soc cscscerasnci er berteees ei sron vem ter Monels stele 16, 740 2, 790 68, 2 
PortlActhurt a6 oc Cea eee ener: 4, 780 790 68. 5 
Lakes@harlesitc) di.z rots sor cetek ob amet uetorkr renee 7, 300 1, 210 68. 5 
Baton ouge 4, sa) zleanieraeee oon ueaereaerecie 23, 400 3, 780 70. 5 
Wiexandrias Ax heck sites Seabee 8, 810 1, 990 OR 
Wmhassigned sii. cictscrcpeyet cir renter eee cion 250 60 ef Die 
PSA total socio eee one eeewciotereert ew acne 64, 500 11, 240 65. 5 
PSA 37: 
Dallasig. scaiee or rumen reper mor ot named ebonsto eter: 25, 100 6, 160 46.5 
Fortswiorthix sinc cocrprcm mint erremet a cemerncegsm ters 9, 440 2, 410 44,7 
1B Yc coyale Marae eR AI ht mnt Pace, Aan tna ad te aor 1,610 410 44, 4 
[BC Vg Cn ere me aera e aati erect, yar An orci 3, 020 730 47.5 
Sherma tics ssakengs cite cherie Sree eee te 2, 240 510 50. 0 
Stephenville. ino eulk-aaoie ape ie rer om ete eee 1, 730 440 44,5 
TU VCH yet ate etd & cireteuailecavs apectakl 2 6 ts tilaate rane wecruey rene 2, 150 470 52.5 
Toufl ney cccrne iro SOR eee Oe ORO ee ae 3, 460 650 60. 5 
Pals tii esate ccs e igen os oes enareds axon ewe er eemree eae 2, 990 730 47.0 
WACO aig or i acease tevaleln Mire ekepetote naar roe 3, 190 650 Doh 
EL CTP IEs or susie teers actinie + Gres em hoor eee tomer eon 1, 990 450 50. 0 
AMAL (ol het cracls OCIA GMa Gano Ctomiots a ma.te 2, 800 540 EES! 
Woichital Falls. ac cccanie anos toner epepera regs state ee are teaee a 2, 820 580 Hone 
ADIL en€ 51 40s: tego wee ares eyo wile Geb aoe 2, 930 570 59. 0 
SaniA gir elo. cn S wie he arenas pe aes wis Seen ee eo a 1, 570 330 54. 0 
Od 85 aie ees ie Rie Sits Rater a ure otto seer ole 10, 900 1, 720 125 
Big Spring 50. ch ace were ss wh oe ee ee 3, 690 550 76.5 
Winassigned): #.5.4.4% «cease staan a ak nih ace 370 100 41.0 
PS Attotal si. a6 seeps open ee es ee ets 82, 000 18, 000 52.0 
PSA 38: 
EL oustonia x oii tie be ae Ree nies ORE ees 66, 900 12, 120 63.0 
AUST sheets ERS mae Sis CA ee ale eee 9, 200 2, 010 Sel, 
SanbAntoniosnacsates 24 eyes alas tae eer Yeeros 8, 990 2, 160 47.5 
Victorlace ios 22 ee ee cmap yen ba eee eon 6, 840 1, 260 62.0 
CorpusiG bristl o.ca 5. aaopie dareias sea tena pimonee * 6, 430 1, 240 59. 5 
Harlingen. ..tan coches tte eens Sate oe a pare 1, 600 360 51.0 
I io) 1c lop Ree we eR TCA ea ey oo ckont 2, 310 450 5Gae 
WM ASSIO NEC ons cu ee ae he peers 410 100 45.0 
PSA total s cai avged sh ganeugeme tense es 102, 680 19, 700 59. 5 
PSA 17-F (Less Iowa): 
Kansas ‘Citys rinicaaniaes sce bet eee oe re Me iereiels '7, 580 3, 860 52. 0 
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TABLE 8—Continued 


Load center ; Net energy Peak demand Load factor 
(Million kwh) (mw) (Percent) 


1990 Estimates 


PSA 25: 
BSROOI AVE Tl eee erratic, Ao cuaisu sia rere clouslal of siakeccasatueces 2, 920 600 55. 6 
BLOT 5 5 0.5 Solo SCRE OOO One ence 4, 400 900 55. 8 
RM cies ene WS ence one oe +6 2, 870 650 50. 4 
UNFIT O11 2 ORAS alee cu ey suiduexeueuensiaikehoslsvishexsueushsiovoasneie 2, 870 650 50. 4 
"sere erly ace SR ali 3, 030 660 52. 4 
New Or Gait aan anec Came. oo moon oe ono ooo. 56, 740 11, 600 55. 8 
IM IGTANPOEY » 0 G5 CeeeCRORY CIOS OnG CPO RTC SDE NCCC OE Eo 10, 600 2, 630 46. 0 
lar cla eer ee wacerccke, ie oie ere ene dete 6 syese iayloliey setioneveis 3, 350 760 50. 0 
_SESESO STD. SiS ERAS SIE OO ODO 17, 080 3, 510 55. 5 
“S20 Ge. see ee Sea eae a 1, 840 400 52.5 
| “chls ToS Ua te re 6000 12, 300 2, 520 55. 8 
RS oe cas cre) « jan 0 are he. «ao opingns eo > is 14, 500 — 2, 180 76. 0 
| ee Ri iat nace. 3, 200 730 50. 0 
| ee ee te ne ees oe 2, 910 620 53.3 
| og RET ES a era oC 3, 760 790 51.0 
| HED ICG aes ie oA eee a ee 920 220 46.9 
| DEE oe cn ris, ais ce ae’, as Dy Fame ws od 2, 590 590 49,9 
| Pe AEE Ayes) fas «se Me so op Makin s aan 2, 000 460 49.5 
| Mrmeioncdie te er or a ne: se 4, 420 1, 030 48.9 
} 
Pe MCOtat ec. os EN i Ses oe ga 152, 300 31, 500 55, 2 
PSA 29: 

MINA OMS Ecos cio 6 gare sine s, o-sca tla seleie. 0's 08 9, 060 1, 870 oo 
Bra OALCAT. cia letac ajs/s 016 s ae sivieiyje se -sbels deste «#9 sie 1, 820 470 44.5 
| SAINI) o Se dle Sci Ald GON ENON SIC a ena IET: 1, 460 370 45.0 
WUD PRER GI, A an a 3, 250 930 40. 0 
| Suerte, Cy ha eee 4, 900 840 66. 5 
| EEOR 5 oo js OREO eee ener eee 4, 400 1, 070 47.0 
| Unassigned....... ee rT rece s 740 210 39. 5 
GE Otal ert ret cco fe hes ieee 25, 630 5, 760 50. 8 

| PSA 33 
aug cade en Oren Re ene 15, 950 4, 040 45.1 
SOLS ue ho mn eS ACR ee ao 6, 710 1, 350 56.9 
| Bartlesville es cc cic cise scree sie siewieie ee 1, 880 500 42.9 
| OL RUS eee nee FS ae 7, 150 1, 550 52.6 
Pe os echt oud Se 7, 200 1, 700 48, 3 
ERE ATC ITV i eee eek vicile sect e hes eos 33, 860 6, 780 57.0 
Oe oie we ane etn oe ett sss 11, 300 2, 580 50. 0 
Senge 2S OS ee ee 5, 390 1, 170 52. 6 
PAVGMCVIC te, ck eet cs ca pee sce ste e cennea es 4, 000 920 49.6 
| Sige e SiS els eae yc ea 3, 120 710 50. 0 
~sopca TINS io aaa Go are 4, 460 1, 180 43.1 
eB es os BES Soo fac em ass 08s 8, 500 2, 260 42.9 
| “cone yale 4 GO Onn ae 5, 850 1, 560 42. 8 
RU RASSIONE 55 ccs cay dulce cose tcc ee nness 900 300 34, 2 


BA CLOLOL le sain « sc ghites o9.5'2 = Spine toncds 116, 270 26, 600 49.9 
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TABLE 8—Continued 


Load center Net energy Peak demand Load factor 
(Million kwh) (mw ) (Percent) 


[1990 Estimates] 


PSA 34: 

Wichita so... sicatie ME Men tee eI eee 12, 400 2, 650 53. 4 
Chanute fein none ee eee 3, 700 710 59. 2 
Springfield. oe sicecag le oa. eee era 21, 560 4, 410 55. 9 
Warrensburg 32... oc toluene ior 4, 790 1, 180 46. 4 
Unassionedia cement tacnier ae tena orir 450 120 44,5 
PSA‘ totalin:.c 82 Ui merce rere eam ics 42, 900 9, 070 54. 0 

PSA 35*: 
Bry Qi nny: oo. cie.c oc 5 wince nca oc oem eset ceers clei rt chere 6, 230 1, 190 60. 0 
BEAUTION te oie cs 5 Ores chr Me ae eco otene nant nep ere os 37, 800 6, 250 69. 0 
PortfArthuric os ot ccrecee erioetasrstats oan orcmerciciers 8, 590 1, 420 69. 2 
Lake Charles: aidj nc eet ed ora roe eran 14, 650 2, 420 69. 2 
Batow Rouge: con ce oe ater ae iaene ote or 55, 900 8, 920 71.5 
Aléxandriae ciscc sco cites ere cree serene eine sae 17, 800 3, 980 51.0 
Winassioned +) scheces « .tmapein sera me nieecensie tele 330 70 DLS 
PS Antotales jase he Cee 141, 300 24, 250 66. 5 


*The higher load data requested by Gulf States Utilities Company requires the following addition to load center data in 
PSA 35 for 1990 only: 


GSUsadded< sever loa ieee ree 56, 059 9,629 . .. . .. criperal cece eae 
PSAStotalie onus uticrateasyeenesdun guarentee acide 197, 359 33, 879 66. 5 
PSA 37: 
Dal AS. ose ce cttn Mike haere cna e ES 48, 570 11, 670 47.5 
Ort Wior thay solos ates scensyorodoc tee Reketes ested wl ofex arcsereheee 16, 800 4, 200 45.7 
Dentonageastorters a yiice nichts) eR eee pe Ree 3, 620 910 45, 4 
RES cg raters coined sire aad, Amy ocr RNB cieo REE IT OES 8, 990 2, 120 48.5 
he] dei 0020 «REPRE ere Oc Rate cn Cacao css 4, 790 1, 070 51.0 
Stephenville 2c eae eee 3, 740 950 45.0 
TD SLC Be devine x55, 3) stad poate, aie cierto ohana. aie 4, 770 1, 020 539 
DER a e 6., <p Aay aies hdr endl od ed eS oe 9, 350 1, 740 61.5 
PAlCSUe a es face ia eee eras eee 7, 180 1, 710 48. 0 
WAC O nity: aed hae sss ssutaslavercospes sachet Berar sh kemtae tor at 6, 800 1, 370 56. 5 
LOM ie Ae sss ie ass weed aia eae ae ee ee ee 4,010 900 51.0 
Lav lotemebe Moons diac: ome eeero aay dene en 6, 220 1, 190 59ng 
Wichita Walls oq... <'.3, joo y er aaaates ietremenaiorens oars 5, 480 1, 120 56. O 
POG akties Fics caiatiais Wiad pine Gal tarasereu oaeran 5, 330 1, 020 59. 5 
San Apelone weed. fic ate sene noes etnies 2, 870 600 55. O 
Oieasa toys cosietak sc salees vein ets eee eee eee 21, 200 3, 320 7330 
Big Sprinofeereys sos a1 cee ert iterates 7, 800 1, 160 TiO 
RI aSSISNe 2 5: a ouse Sue ate © Medea neers 480 130 42.0 
POA COAL sins es eee dee i eens ees 168, 000 36, 200 53a0 
PSA 38: 
TIOUStOMy as sacicnia ns aceite oe eae ae 150, 000 26, 880 3), 7 
PAMASTANE peerrcccl dt Ale coast itcin RA ered eed eee eae 18, 900 4, 100 52.6 
BIL AVETE ONG situs sos hitaae on avibeee metas a eae eee eet 16, 400 3, 910 48.0 
VACCOLIA Shae x watea tans aioe eI OC ohae Cae ae 14, 900 2/20 62.5 
Corpus  GHTISUI cc ancrre suede eee ieies aaa? Cae 12, 700 2, 420 60. 0 
EAP MDOT esta o ttacre tere ane 4 he po a ee 2, 180 480 NBS 
Liar cdot nia tis cone ascites ieee eet ee eae 3, 700 710 59. 2 
Up assiOned ie). ah ieareoanete um Tea oone ae 1.120 280 45.35 
PSA Notals «sat-ceinss eee eee ee ee 219, 900 41, 500 60. 5 
PSA 17-F (Less Iowa): 
Iarisas City. seus sa cee ee ee eee 34, 080 7, 340 53.0 


Norte. Many of the locations are necessarily generalized. Many Load Centers include loads of the surrounding area. 
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TABLE 9 
Industrial Generation for South Central Region (SCRAC) 
[Million kwh] 


Industrial Utility Industrial Utility 
PSA and region genera- Industrial Industrial E.F.L. plus genera- Industrial Industrial E.F.L. plus 
tion purchases use industrial tion purchases use industrial 
generation generation 
1965 1970 
PE a ewe eat ee ee 186 2,002 2, 548 6, 665 2 201 3, 350 3, 551 9, 581 
PER Rete...» We 8, 591 teia0 16, 346 29, 640 10, 300 13, 000 23, 300 44, 640 
Os? 2 oe 73 1, 547 1, 620 5, 308 86 2, 344 2, 430 7, 796 
S83, o Gone 6 ee 546 4, 994 5, 540 16, 379 650 S392 10, 042 27, 190 
Oo oe re 315 2,000 25914 7, 600 400 4, 243 4, 643 11, 600 
OE) oo ee oe 4, 472 7, 382 11, 854 170797 5, 100 12, 467 17, 567 29, 100 
PE i Ae ss oS 3, 554 7, 031 10, 585 26, 187 4, 300 11, 400 15, 700 39, 900 
OMT rah RE. cess ied 13, 044 Dito9 24, 503 39, 886 14, 800 20, 268 35, 068 58, 400 
South Central region.... 30, 781 oR WS, 75, 910 149, 422 35, 837 76, 464 112, 301 228, 207 
1975 1980 
Sn Lo ee 2 216 4, 750 4, 966 13, 076 2 233 6, 600 6, 833 17, 813 
22a 8 oe 11, 600 21, 350 32, 950 64, 730 12, 900 33, 000 45, 900 91, 340 
2D); 9. c8in 6 Hg See eee 92 3, 507 os SRK, 10, 642 98 5, 358 5, 456 14, 448 
SREP cheb iiss. i's, 9 sa/iapie 735 15, 298 16, 033 41, 575 820 2208909 23, 675 60, 900 
RINT G cies is S'e, 8 lereus. 5 440 6, 390 6, 830 16, 640 480 95570 10, 050 23, 480 
SIN. 4 oe: ct SA 5, 700 21, 546 27, 246 46, 300 6, 350 34, 971 “Ei, 721 70, 850 
lost 4, 700 1OG325 24, 025 60, 000 5, 100 29, 366 34, 466 87, 100 
BOs a sao tr eee 16, 300 32, 163 48, 463 84, 000 17, 900 49, 698 67, 598 120, 580 
South Central Region.... 39,783 124,329 164, 112 336, 963 43, 881 LONG R23 299 486, 511 
1985 1990 
RM Cis, ou see Des 2251 9, 300 QeOOL 24, 761 2 270 13, 000 13, 270 34, 350 
ac ae 14, 200 47, 000 61, 200 124, 810 15, 500 64, 000 79, 500 167, 800 
Pho 35 08 Oe eee 104 8, 172 8, 276 19, 384 110 14, AMIS) 127325 25, 740 
SE Ae 920 33, 099 34, 019 85, 550 1, 000 48, 736 49, 736 117, 270 
re ac soe ed Ele w Ses 520 14,400. = 14, 920 32, 320 560 21, 030 21, 590 43, 460 
Be aiihee ss sks 7, 000 53, 825 60, 825 104, 700 7, 600 79, 650 87, 250 148, 900 
Ee is ak a inne 5, 500 45, 265 50, 765 124, 100 5, 900 68, 912 74, 812 173, 900 
MPP BIE Ee. oie sic soraieiie are © 19, 400 75, 038 94, 438 L2325 21, OOO) MELT, 420. 132,420 240, 900 
South Central Region.... 47,895 286,099 333, 994 687, 450 51,940 418,963 470, 903 952, 320 


1 Does not include portion of Iowa. 
2 Estimated by FWRO. 
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TABLE 10 
Non-Farm Residential Appliances, South Central Region, 1965-1990 


Esti- Average Esti- Average Esti- Average 

Annual mated annual Annual mated annual Annual mated annual ; 

Appliances kwh per satura- kwh per kwh per satura- kwh per kwh per satura- kwh per ' 

appli- tion cus- appli- tion cus- appli- tion cus- / 

ance (per- tomer ance (per- tomer ance (per- tomer i 

cent) cent) cent) y 

Year 1965 Year 1966 Year 1970 
Refrigetator... gts ce oe 600 96 576 610 96 585 650 97 630 
Range Pe ond shite ns vs he 1, 200 30 360 1, 200 31 372 1, 200 32 384 
Water Heater) .2eh.3-.0.8 3, 600 8 288 3, 700 9 333 4, 000 12 480 
Fréezen.) 2. SBS oa cme 1, 100 29 319 1, 100 29 319 1, 100 52 352 
Central Airconditioning..... 4, 500 10 450 4, 500 10 450 4, 700 15 705 
Room Airconditioning. ..... 2, 000 36 720 2, 000 37 740 2, 300 40 920 
Washing Machine.......... 65 76 49 66 76 50 70 80 56 
Troner cir. viens erento are 140 5 7 140 5 7 144 6 S 
Dryer (@lothes) Fens: . 1 Fe 950 20 190 950 21 200 a5 25 244 
Vacuum: Cleaner=2.5 30 eZ 22 30 72 22 35 75 26 
Dishwashers ere 300 12 36 300 13 39 310 15 47 
Food Waste Disposer....... 30 13 a 30 13 4 32 15 5 
TRACI Op area tae 90 100 90 90 100 90 90 100 90 
Melevisions esac ate tee ae 320 88 282 320 88 282 330 90 300 
Heat? OGD 2. ae ye mere 12, 000 2 240 ~=12, 000 3 360 =: 13, 000 5 650 
Complete eating 200 pe. 10; 000 1 100 ~=10, 000 2 200 ~=:11, 000 6 660 
Supplemental Heating...... 550 19 105 550 20 110 575 21 12] 
[Did olotaea, Aone Lee eee rn en ono or OSD. Heme organo TOW) . os 26 nis eh ee 750 
IMiscellancousterrenre irae: Rieke ii eee EO aiaeen eS Sope oa vas hete : 20) EERE 5. |. & yi 
AO teal caaaeys renbste ee Hevea usin he cee ocem ce: A OOS yo Maser piers te. ae 5, SLOG) ode: 6.409 a0 ance 7, 000 
Year 1975 Year 1980 Year 1985 
Refrigeratony nce ween ee 700 98 686 750 99 742 800 99 792 
Ranger ermine ccparrs tonic tets 1, 200 35 420 1, 200 40 480 1, 200 45 540 
Walter Peater ..iecbaniount. 4, 400 17 748 4, 800 22 1, 056 5, 200 30 1, 560 
Freezerr ena ce cetacean ofeetece 1, 100 35 385 1, 100 38 418 1, 200 41 492 
Central Airconditioning..... 4, 900 23 iL, Wy 5, 100 33 1, 683 5, 300 40 2, 120 
Room Airconditioning...... 2, 500 4] 1, 025 2, 800 42 1 176 3, 000 38 1,146 
Washing Machine.......... Us: 82 62 80 84 67 420 86 77 
Tromen Gees fe ia eta eee 148 7 10 152 8 i2 155 . 14 
Dryex (@lothes Pie ete. oee 1, 000 30 300 1, 025 35 359 1, 050 40 420 
Vacuum™@leanersaaceee ee 40 78 31 45 80 36 50 82 41 
Dishwashers oe ee oe kee 320 20 64 330 25 83 340 30 102 
Food Waste Disposer....... 35 18 6 38 22 8 42 25 11 
Badion isersgne fron. on arden 90 100 90 90 100 90 90 100 90 
Relevision cs. iscr nent ets 340 92 313 350 94 329 360 96 346 
Heat Pumpe.ase onan goer 14, 000 6 840 15, 000 6 900 = 16, 000 6 960 
Coraplete eating, «<2. 12, 000 10 1,200 13,000 17 2,210 14,000 25 3, 500 
Supplemental Heating...... 600 26 156 625 29 18] 650 34 221 
UW ah rbot cae Rn CNG arte Oe camer eR ets Meaney eer Ray 900) emia ole lees 1,000 | oe .se- ss tse 1, 050 
Miscel laneOus iret cpa encs i) lors ere ae eres O87 ad. vnhe icasen cs otatotnador Racks 153400 sc ne.w cei eee 1, 824 
TD Ota srg cai fs otc yk vate: esr aan Mess O3502 — oscje nike he smreees 12,.170,. -c3 eles eee 15, 300 
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TABLE 10—Continued 


Esti- Average 

Annual mated annual 

. Appliances kwh per satura- kwh per 
appli- tion cus- 
ance (per- tomer 

cent) 
Year 1990 
RS CRIS CEALOD Sct derrt ce ishe 6 Sie 850 100 850 
RR RRIP Cy See iat cies sake bane SSA 1, 200 50 600 
WV ARCD EICALEEs % or sis uare uns <s)s 5, 600 39 2, 184 
EZCOZE RO eet aii op taserais on. 1, 200 45 540 
Central Airconditioning..... 5, 500 50 2, 750 = 

Room Airconditioning...... 3, 200 35 1, 120 
Washine Machine... «i... 110 88 97 
PrONER We eicse cue seuseieeewe anes. 158 LOsa 16 
Diryern Clotiet iionoe . seca 1, 075 45 484 
Wacuum@leanei nee 55 84 46 
DDISBWaSHEY fo 5..5 se mega + a 350 35 123 
Food Waste Disposer....... 45 28 13 
BR AGIOS aha wots alesis Kes & 90 100 90 
EP ClCWISION en Sen ies. se Galore. 370 98 363 
Pleat Bumpore ewes: 5% 17, 000 ig 850 

Gomaplete ICAt ng cin. as 15, 000 33 4: 950 3 
Supplemental Heating...... 675 39 263 
EEN eect Poe ale dyed ocean cco eis Osos Bes. chia nie ate 1, 100 
IMEiscel lANneOus sty ae eracespeie cero chek wakcuemr custo tshouuekecerens 2, 071 
sEOtabe ce Merenen ey Waiiee tosis sales SS 18, 510 

TABLE 11 


Kilowatt-Hours per Employee and per Capita for South Central Region, 1965-1990 


Industrial 
Year energy use 
(gwh) 
BOO 6 3:5 75, 910 
EOS aay 2: 112, 301 
BOT De > ees 164, 112 
Sie ie 209, 209 
POCO oe. 533, 994 
FO acces n 470, 903 
1 Actual. 


2 Estimated: 


Industrial Utility E.F.L. 

employment Kwh per plus ind. gen. Population Kwh per 

(thousands) employee (gwh) (thousands) capita 
1, 627 46, 656 149, 422 22, 940 6, 514 
1, 734 64, 764 228, 207 24, 495 9, 343 
1, 861 88, 185 336, 963 XS), PT) | Assen) 
AAO 116, 948 486, 511 28, 342 17, 166 
2, 178 153, 349 687, 450 30, 680 22, 407 
2, 347 200, 640 Soy, BAe) 33, 060 28, 806 
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TABLE 12 TABLE 12—Continued 


Economic Data by Regions—South Central Population, July 1, 1966, (thousands) :* 
Region Fariniy ofc teenie cis eee oe Bee Oe 2, 052 
Nonfarm :4....:35c.50.0 hee eee 19, 800 
Total. +. Reventon 23, 238 


Cash Receipts from Farm Marketing, 1966! 


(millions of dollars): 1 Data from Bulletin FIS—207, ‘“Farm Income Situation,” 


U.S. Department of Agriculture. 


Livestock & Livestock Products.......... $4, 115. 0 
CYOpS 3 2.ae Soe sas au Soke eee $3, 236. O ? Data abstracted and adjusted from Section 23 of 
Total. ob eee eee $7, 351. 0 “Statistical Abstract of the United States,’ 1967, U.S. 
Department of Commerce. " 
Number of Farms, End of 19592............. 727, 000 hae ey peed eon 
Number Barns.) Wy 200 BE: 4 ©1965 Minerals Yearbook,” Vol. III, Bureau of Mines, 
Value of Mineral Products, 1965 4 (millions of U.S. Department of Interior. 
dollars )y.5.2.c06) cee eet ees eee ae ee $8, 803. 6 5 Interpolated from Sec. 29 of “Statistical Abstract of the 
Value Added by Manufacture, 1964 ® (millions United States,” 1967, U.S. Department of Commerce. 
ofdollars) er he ee eee $15, 857. 0 6 Estimated from Bureau of Census data of April 1960. 
TABLE 13 


Estimated Coal Requirements of Generating Facilities—South Central Region 


Estimated Estimated coal Estimated coal 
generation Estimated btu required in tons Estimated required previous 

Year using coal requirements (thousands ton average heat 5 year period 
(millions kwh) (trillion btu) equiv. ) rate net ending (thousands 


ton equiv.) 


EOG6 teas a eee 5, 280 59 2, 460 11,500 ek sa a 

L970 pe sare ea ae 7, 370 a 3, 200 10, 700 14, 155 

VOUS soe cayeeste sete 24, 350 243 10, 200 10, 100 26, 000 

LOSOS Gham. 42, 900 424 17, 600 9, 900 76, 200 

DS So err im icues na 70, 000 687 28, 600 9, 850 121, 000 

DOOD eens sane 94, 100 925 38, 500 9, 800 173, 300 
Total (in pe- 


410, 655 


FIOd FEVIEWER): Ys shack Ree Sek whee eee Rae ae ne a ene ees ne a 


BTU estimated 12,000 per pound for coal, 7,000 per pound for lignite. 
Ton equals 2,000 pounds. 


Note. The BTU requirement computation was based on net average system heat rate and included all types of fuel. 
However, these figures appear realistic when compared with actual and projected heat rates for coal burning units. 


TABLE 14 


South Central Region—Sources of Supply From Outside the South Central Region and Obligations of 
the South Central Region to Other Regions 


Sources of supply Recipient 1970 1980 1990 
Unionthlectricty eer oe ee ee ne IMISSOUTI IO \UILItIeS enero ieee a ane eee 106 236 O22 
SEV Ay 3 Se ed kN AE ee ee a SCE Get py eee Sk Sa wore em ened eee 1, 500 1, 500 1, 500 
fe Gel OF Ghee vray te ye RR a at ce mcih cota SREP A EVAR LS MEO ee ee eee erate te eee 1,500 ‘1, 500 1, 500 


1 Summer only. 
2 Winter only. 
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/ 
TABLE 15 


South Central Region—Maximum Plant Sizes, Maximum Unit Sizes and Their Percentages of Peak Load 


PSA Peak Maximum Percent Maximum Percent 
load . plant size of load unit size of load 
1970 
WAS so CO Oe 2, 100 857 41 494 24 
DOME Seyi as. 5 sma 7, 260 1, 240 17 750 10 
P45). 3 ction eee iene 1, 760 346 20 172 10 
35). once 6, 120 888 15 450 7 
Shh) a's Cee 2, 460 518 21 370 15 
SOMES ces ac 4, 240 952 22 530 13 
BM) 3.00 5 OO oe 7, 970 956 12 550 i 
Bios oie eG ae 8, 510 1, 534 18 750 9 
LENGE TRS, Mlgbao ne 5, 052 911 18 208 10 
1980 
WAR 3 2-year 3, 860 1, 600 41 1, 000 26 
DESY a bic 3G iS ICR 16, 400 1, 850 11 925 6 
DEM eae, S. 3) 6 aie 3), BOW 1, 430 44 800 25 
BS) cic. Heke eee 13, 800 1, 500 itil 1, 000 7 
ho 5 nb Ree 4, 950 2, 000 40 1, 000 20 
215). og eae ae 11, 240 2, 298 20 1, 060 9 
Sy esi Sight Re aCe eneRe 18, 000 2, 250 13 1, 000 6 
SOMMER ee sie 3 19, 700 2, 750 14 1, 000 5 
PAMEEADE pos. c yo > 3s 11, 400 1, 960 17 973 9 
1990 
Ae SS 5 3 Gee 7, 340 2, 500 34 1, 500 20 
DIES olen. toni) OER EEE 31, 500 4, 150 13 1, 700 5 
DO Reaver chstccice. Sesh 5, 760 2, 800 49 1, 000 17 
BEY pd Gok, AOC ane 26, 600 Hals5 19 1350 5 
SANE ory. > axe 9, 070 4, 000 44 1250 14 
Se SU oe ater a: o's 33, 879 6, 470 19 1, 645 5 
OW h hie Ble eke eee 36, 200 3, 500 10 1, 500 4 
BO aco 88 Oe 41, 500 4, 000 10 1, 500 4 
INGORE, oh OE bo Oe 23, 981 4, 069 17 1, 431 6 


Summary of Averages 


—— 
Year Peak Maximum Percent Maximum Percent 
load plant size of load unit size of load 
MOV OME Scie cca acctn 3 BRO5Z 911 18 508 10 
NOSE aw cass 11, 400 1, 960 17 978 fe) 
NOCD): seu oe 23, 981 4, 069 107 1, 431 6 
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TABLE 16 


South Central Region—Hydro Resources 


Capacity, MW 
Project State Stream Type Existing Potential Potential 
and under- for 1980 for 1990 
construction 
PSA 25: 

INorforke ie Sacer Ackansas nee Wihite fuser. HY 70 85° Ril ee eee 
iBulleShoalsserarcese iNrkansasiis cere IWihite wea ce ores. HY B40 ad one dss bce 
Garpentera: cee en Arkansas een Quachita 244. 4. ENG 5G sine Sue aus, cue Gate eae 
Blakelye ce signet eke Arkansas seers Quachitartaeeac ser HY i PM hii cdic cs vue d= 
Remmelo.s s2ee. sens Arkansas: ee @uachitase eee HY |) IRM ENE I Sine tcclisdiah oo nas 
Greers Ferry.........- (ATK AIS AS elena ete duittles Red. pereeer: HY hy MI PEePEnIS Ie A BSA cco « ¢ 
Dardancllcmrmr err Arkansas an cei oe ATKCANSAS craters HY [D4 bediceice -0 es dl 
DeGray soi dacs tee I Xckansaseeee ee Caddome hace IY he shavereeetteree 40 | OS Sa 
DeGray jo. n. sie Arkansas ce oncess Giaddovaan san PSs) eso eee 28 oA Ae 
Wolf Bayou’... ...-.... Arkansas. 22. .--5- Wihite dancer ee ERY. ogi ee ree 180 Caer 
©ptinisie ee eee ING BIOCEWS 6.4-¢ docs 0 Witte eneeratecn teers PS ne eee 500 “3S aie 
Petiin) Caner reeks Arkansasee eee Arkansas3 «0 5. PSi/ o eeetek cess 561. vate eee 
Belle oleyaee esse iAvkansaseiae eer Sikawberry 16s. aie FLY es oe et nt ee 24. 

Area total meu cts Seer Re ee In Re ee Con CO ner en ec nan ea 768 1, 394 24 

PSA 33: 

Pensacola... eee @©Oklahomasen sce Grand syste eee HY 86 nk as wee ee 
INEGHOME, 5 55 a0oheaar: INAEIOEE RS § oa ae oe lctttles VMiomen einem LNG QT os asso ons otseat Ce 
BenGibsoneee eee Oklahoma ea Grand aie cne HY 45 ss ea ek oe as eta 
Markham Ferry....... Oklahoma........ Grand wasps een HY 108) | oo oaae jas be eee 
Tenkiller Ferry....... @klahomaneneener INTE so csuaccen HY BA | verdse die aoe aahe ee 
Bufanlamee eee @klahomameren ae @anadianeee ois 90 - oe vesdccndeens « See 
Keystone..2- sane oon @©klahomaaeeeee IAT KANSAS ee eerie HY i) A 
Broken Bow........-. @®klahomaseeacee Mt2Hork. vere HY BG Soswansnanawens od eel Oe 
RSS KWerre a peionces tere ©klahoma...5-.-- “Arkansas:.3 2.0598 HY 55 55 Lan 
Webber Falls......... Oklahoma........ Axkansase eee TAY er aenrinn Ree 66 _ ese eee 
Keaw* cue on eaa aoe @klahomantneeeerr AT KANSAS. eee IY) fe ee eee 25° ee . ee 
Salimactas sa nee @Oklahomatee aoe Salina yan eee PS 130 390. 1) jee eee 
Tuskahoma........... Oklahoma........ Kuamichitaaeane ne PS* «sunies.. ie Re 1, 000:.- - eee 
Grandview see Arkansas yon |e Kiness sere 1 Be GRC oree ean ie risure ed cre cucu ca 6 o < 18 
Buck Creek........... Oklahoma........ Bucks @reeka eee TY sige Sue bo ae eee a hee eee 12 
Huge) Damen sae Oklahoma........ Kyamichinwaer ERY: 0 ie. ce a A: See 50 
Pines @xreekaee eee @klahomans- eae Neittlemccdse rere: HY (f2.000 “OURS 86 
Nauikia tas eee eee oer @klahomanseeernae Glover Creek...... 1S bh Qe re rnc ioe oh oe o-5'3-< Be 
Tuskahomasso).020.., Oklahoman ease. Kianmichiaeene ea THEY. sg esks dowd ond Sele 19 
Elartleyperera eae Arkansas......... Cossatotenrs see ish Gm atria rao ho o.s3 boo oo < 14 
Sherwood............ @klahomiagereesa eee Mountainihorkso.) (ELY seas oe ees a 103 
Gainesville........... @klahomazi 2. ae PREG gcc otic EVR cok as lek ees he's 2 eee 50 
Dougherty... 28-50: Okfahoma’): 1 9 IWrashita).(ctnifeem ANY wile ck covers) eee ee 25 
Durwoodie.- see ee klabomant yee aS Dita eee LEO GRNe BNE Dee PTR Sento dio iesdids Gn 20 
Denison Jh-u.0 foe ose @Oklahomate asses 1 ove a eo Piycoe HY 35 tac scien 52 
Upper Antlers... 1.8: Oklahoma. 35h... Kiamichic. ic. 6 TAY, < akvogite tae weehiee d Seek eee 90 
Sherwood eeiasen ee Oklahoma..... _.«» Mountain Fork... .(aPBie 0)... 225% - ae. pe Beth os oe 500 
Boktukolaeen seen Oklahomataeocer Boktukolameaew naar PS oat hc eee 1, 000 
Ozarliwen nae tie aor IAT KANSAS peace Aykansasyeantuaee PLY) echeeeinne sees GO" ©. eieterece eenteare 

Area: totals cv cates ae Se ae ca ees en ec Ren one eer eed 762 1, 636 2, 074 
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TABLE 16—Continued 


Capacity, MW 


Project State Stream Type Existing Potential Potential 
i and under- for 1980 for 1990 
construction 

PSA 34: 
IBEAV.EGraba detecit res ane is PSEKATISAS peer riere WAG IOS 5 Aton Wo aie ote HY Ne. gama arta tare train ERs mnt eae 
® ark beaChivanmaaueee. Arkansas. .......- NAOT So cacoutcotardaa a HY 1S OF oa eee RRR ces A Pare ar, Pe 
MWablctRocki en sa. co NLISSOUNIs a 2 oo) VWWRITESS. cre sae HY (i) lagers tres semen Ne end hen ceh re Bl nd ath 
SLOCKLOUME urease. 5 IMSSOUTI eet ener Sach wee See ee IEDY AAA ee NA eras MEA cet eee 
Clarence Cannon..... IMPEGOUIED, Soagasace SHUR usb ceanee one 1S DS" ett at SE a DH Lie Cae Re 
Clarence Cannon...... IMGssSOunineiar Sarin Saligeee eer erie Ore © ie ate he ea DH ROE 5 RE Soa 
Kaysinger Bluff....... IM iseOunis cence yo GOSABE.. yc SG bs PST) oe craters Meheeta a LGO whe. tees ce ee 
CG alenawreerrr tear c ee VLISSOUTIscj0nce oo a tAIMESs $a, . tos aa LONE do Sarat Mercier nt ace ae nce ie cae momen 43 
INMULAG ANS Neisnscnis < xh -s IMEESOUS conc o coca NAIM s oo oe obo les) ia Rees Hiocassaneeo ts ocemes or moemCrs 485 
PNT AMLOLA OEM eet aie hi Gear cis sedan mens Sek Cael ate AT SS Ae Oren ard rarer 372 214 528 

PSA 35: 
PRoledouBendienss san | AL OXASs . cueing so eas SMISUNS =, g500060n0 EIY4 ODE ae ier oer ot peer han Le JO 
aM AVOUT c.g A EXAS, eee ce as Angelina snurel..20 HY AO ea ea One Wee sab iat 
Statembines 430... BCS ASS Pe dans eee eae Sabine sea wemetes 1S NG nc ar core ret) erm meee 134 
ANAC. ec nk sh UCXAS <A AAAS ee DADINET Aenea adhe < ELYS Witivecme dnoe cae coe eat eG a ie 16 
1s\oyo) NINBRS oh Ga oe ReeIEee BCX AS te teeter Sabine ear ee ELV gn OE iP Uhre cme gener sg 20 
PAY CARLO U2 een Oe te re et eye ie Be on Shope vay ae suttuapiogndoncnrasesutcayss Ay oxape 129 0 170 

PSA 37: 
1D) enisOnen hr ancueens cs EKA Sih earh ie rete Ried vitae teens LY 5S Dim i ete hea oerette oy 
BVIIEROV Sart od. os 6 Rs ChB be nh Men: Brazos we IEA: HY DA: GEMM ene Te OIRO 
Possum Kingdom..... CXS arbre Aaa BrazOSiiy sents ak HY Py Ma eee 1m 
(Carine wiles gongocoooe SU EXaS an Mea ee I Res lectechtn Gea oaeateS EL Sts, vasa Ua oa aict Chto deere apeiris wen hk 50 
FASC REO (cll CEE es Lair ns cha ee roman gbie a te ake oisbai senna, tana Risen vs 85 6) 113 

PSA 38: 
Buchananeace. 2.5 .+ = Whexasm error ee C@oloradomeene tee HY bomen IAs SS EY OIE iat mone 
VUES oad Goshen id Geer ore VEX ASE GML Gants Coloradomeeeee Jahé | (sara aan aremmenre inne ae +E oe a 
Granite Shoals........ pEXaSe ee eee Goloradonn aa: HY CO eaten tema pace lerinite et mences Rta fea 
Marble Falls.......... BEX AS Seer Weare rte et @oloradomeaerr roe: EDY SO Meets ratmer eens bebigieene ee 
Witansheld? 2 66.2: cn HEX AS Bene soda Colorado..... ee? COE choca eee ad esos Grane 
PSUISUIT ee a cies tiaes ok ARK AS che eee @oloradommrmc. .. EAS Ay ee oe Len ek res en 
NaC OME ens ees ceece ees Bex AS eer een crimes Coloradommrennerer ED; SDD emery of ae tee eee 
Choke Canyon........ HLiGxAaS tn ewe ccone INUIECES Se tone cas BEV ee cae £2 
Aoreay Wetiall., 5 deebstesn crake o di dkg OL ier CORE cy et CGR RRR In Er Re PP ae ee 235 0 NZ 
SE MRGLEC SIO ere ire sn ah ces tere atone Sats tine tee Seles 2 BSI 3, 244 22 SP 

Accumulated total 

BOE GE MOG, sad o ob 0 ih Bad Se bues- Oi aren Hos SO ORE a ORONO! ory ENTRIES oC AEP Re es ee ae ed eee 8, 516 
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TABLE 17 


South Central Region—Retirements 


1968 thru 1970 ! 1971 thru 1980 ! 1981 thru 1990 2 
#Units MW #Units MW #Units MW 


PSA 17-F: 
Steam: 
LOOMMWeandismallers seen rir 10 173 8 129 19 661 
LOL MW. to300 MW ns, 6 oo coc od eco cae eedecta este Che tetone Ot Sic Barto eget ci Re cee PCE araci men meee 4 600 
Subtotales teary ra ae nn ne ees 10 173 8 129 23 1261 
InternaluCombustione-se-n nee ee rrr: Lege ert eee pO 2-2 0 Ao 10 
"Total MWe cic ccnne ice raceme Lee eee ck MRC WE tie ce Guid SS 131°. (eee jhadey/ | 
PSA 25: 
Steam: 
LOO"M Wand ‘Ssmatlers2.,;4. eos ere 16 193 7 155 40 1, 102 
LOT IMIW' to SOO) MW 5, hos cree ee cre ee Een eR EIR cme eaten 10 1, 398 
Subtotal’ Steam rgeaneraeocs ee eae er ee 16 193 7 155 50 2, 500 
Internal: Combustion eoccnins aoe on eer © Ee. Aon eee ners 190) ee ee 88 
“otal MLW a oGchats urs ecbaiceiny akaetas caci eapsases eat ae tere 202 2 ee ee L740 1) eee 2, 588 
PSA 29: 
Steam: 
TOOMVIWrandismmallers ee eee eres 10 58 9 45 29 534 
TOU MW ta 300M Wir cseses cheat Secretar ee On sais Gi ales ease Seen erat ac Wee Rar On ir ge aaa 1 130 
Subtotal Steal a vehe ea eee en iret: 10 58 9 45 30 664 
internal: Combuston-ee. ee eee ee Spero. Uneaten c, F 16: = 8 eee 119 
ih Bo 49 el BY, if aa ee Pen ON SAE F(R Ae cnt tae OG esse wars Gl Skee 783 
PSA 33: 
Steam 
NOOEVEWeandismallersws ieee eee 21 264 10 79 29 914 
ROUCIMEW tor 300! MLW ie icre oeiscacets icy ook yecaanoue castor ctekets hehe ete ea cor en ae a eens 10 1, 560 
Subtotals teats ak ee eee re ice Dik 264 10 79 39 2,474 
Internal?Combustion: ..sssoey succes oo te ora tS IRM an ret Lt 13.7) ° eee 52 
Ota SIV fark srtcacal eo ccnks seckettee pete dah one eee eR era AY A AeA ER nes a eh, 2 OS 08 © 2526 
PSA 34: 
Steam 
LOOMNIWeandismallers vata eee rae eee 20 130 i 72, 22 583 
TOLSMEW* €0"300! MWe ean acces ooo ee go recy ey rte a ne Ce te awa a ele met nen ee 2 245 
SubtotalfSteanis a... ee oe ee 20 130 a 72 24 828 
Internal ‘Combustion {7 42... te Oe eee Bie + sheers 10 reer 34 
“otal NEW ern ceteris tos oa Parte eae gee ne er ee ee je a en ey RU Aare Boe yatta eee 862 
PSA 35: 
Steam 
LOORMIW candesmallense iste amieeenren enee 7 74 5 69 29 793 
TON SIVEW st SOOPER Wore cre oases. suceecatrekecttay os ten ee Suc CL Ree eon eet Ne an ee eae 6 768 
SubtotaltSteanm | oases arin ae a 74 5 69 35 1, 561 
internali@ombustions.. eee eee ics aint: bay Why eRe eh esis S 40 
Totals MW e8 icc acute Sern ae eee TO oe Ee ee SG jhe aoe 1, 601 


See footnotes at end of table. 
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TABLE 17—Continued 


1968 thru 1970 } 
#Units Mw 


1971 thru 1980 ! 
#Units MW 


1981 thru 1990 2 
#Units MW 


PSA 37: 
Steam: ; 
MOOBNVEVVeandisimalleriwa tins secs ce chan 16 273 g 100 41 iL BAO 
ROUEN ENVECOr UO RNIN Vinwrt etre ert eet Prem MET ehh Gerais) Me. eRis & Saved teed oe as 14 2, 145 
SID tOtalns tear ee ge Siac a cas bs es es cue ae 16 273 ix 100 55 3, 465 
Rake ric COM DUS tIOL Mpimeteieta te ei ees.n & cowie asc SMI orci. «weeds DO eee ey 6m Mey a ee ee 50 
“TELSTRA ING BNA so pseu se, ame rnc iar en a eS 289 aes ee, 2 WG ee als See 39515 
PSA 38 
Steam: 
HOORNEWaeandismmaller.. = 2.4 5 ts t.< “wae ok cre 13 252 9 158 30 1, 339 
EL TAINNE Tey STU OFAN NAY ed, Bh oid: Sip Skee = etl WER ghey RII Shaves nee, or oe 18 2, 632 
Sip totaleSteatme A tee.co8 esas chs tices: stant: sheers 13 DRY 9 158 48 oy OA 
iawarcevel! (Crovanl ogtchaveyat, © a. geatnces oioleate cick te a ee eeaels ee nae ee dear ecncee. os ee ee ears § 
“CESS IN SNe Noe eae Se A ct rn 253) Where eres: JESS es Ee Pte ran 3, 976 
Total South Central Region: 
Steam: 
HOOPNEWeandusmalleriass.a.ccn. acme ck LS} 1,417 60 807 239 7, 246 
TOL MIT (Woy STOO) IM IMSES (6 stata Gece So 6 Bo Am ty BAN enn nan: Die Nn mtn ee a oho 65 9, 478 
SubtotaliSteans s.c9 ees fades seo ek eee eres 113 1,417 60 807 304 16, 724 
Goren am @ om DUSHOMs uk 5 eee euartn Melos. Som ales oltue wytie Sask tags tS eee OA Me ice le 28 398 
“NOEL ISAS 5 gto fe GRR, Gh. Sai an on ee VAS MO kaon 0 eRe hee Poke V7, Woe 
1 Estimated Life 35 years (1964 NPS II Advisory Committee Report #4). 
2 Estimated Life 30 years (1964 NPS II Advisory Committee Report #4). 
TABLE 18 
South Central Region—Capacity and Load Balance 
PSA 17-F 25 29 33 34 35 37 38 
1970 
Se eM oss 59S nates 2, 423 8, 244 1, 793 5, 996 2, 844 4, 800 9, 356 10, 448 
Peakmeoad awe. wks che hanes 200 7, 260 1, 760 6, 120 2, 460 4, 240 7, 970 8, 510 
1980 
UNA GUMOTIS I weg bis sped ee ones 1, 800 Pil, 259) 2, 050 9, 567 3, 852 8, 860 11, 614 13, 398 
FNEUTEMENTS oe. ss, . thse oe OL 174 61 92 82 86 116 
RAD AGMY cd ae cs 65s ah. cas 3 4, 092 19, 661 3, 782 15, 471 6, 614 13, 574 20, 854 23, 687 
Beaksitoad: st. aes ce es 3, 860 16, 400 3, 250 13, 800 4, 950 11, 240 18, 000 19, 700 
1990 
ANGTONG Cie eee Hh NS 16, 124 3, 500 19, 700 5, O11 26, 077 24, 449 28, 316 
HNGUTEMENtTS©. coca coe wane iL, eA 2, 588 783 2, 526 862 1, 601 3 SUS 3, 976 
CRESS 2 Ce 7, 936 3501197 6, 499 32, 645 10, 763 38, 050 41, 788 48, 027 
Reakeeoadss 02) ac ska oh akin 7, 340 31, 500 5, 760 26, 600 9, 070 33, 879 36, 200 41, 500 
Total Region 1970 1980 1990 
ENAGILIONS Ween Mae y. hepa aces eR ey es SE EUS (ek i O2m732 128, 292 
VG LInGINIEN (Starmer keer gm eehs case Fearn eines 1 ene oe 901 7h, MOR: 
ADA oa cee ees ov Ra seme a 45,904 107, 735 218, 905 
Peaks: Oad mertsee Una has eee otk 40, 301 90, 980 191, 440 
@rritsid C1 SOURCES Ware ual eee SR eee 1, 606 ly HEE 2, 022 
Pe AkeCCOMMPOINCM 8 Wenn eis Med Beas 38, 695 89, 244 189, 418 
IMEVV @ Reservennenrnitectiy 25 aoe are 7, 209 18, 491 29, 487 
EL SRETS AA atic & MOA WO Rt oe 18. 63 20572 L527 


1 Includes small units and other units not included in Plant List; excludes diversity and firm purchase contracts. 
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FIGURE 22 


South Central Region—Plant List for Possible Patterns of Generation and Transmission Development 


to 1990 
Plant No. Name of plant Type Utility abbrev. 1970 1980 1990 | 
‘PSA 17-F 
Missouri: 
28 Hawthorne tise s aiawin acca sleet Penistone tec St KACP 857 857 857 
39 Lake’ Rooad 5. fees wssere Sands & Stas Ste Ren a eer St SAJE esas 370 370 
Si Montrosexes 3) stk niica centerless the nero eae St KACP 563 563 563 
E} Plantek = dec cok Eee Aer RRO re ere St SAJL 60 Fi cice ls See 345 
Kansas: 
D LaGyenes «ois sp oe oes ho anit taka ni eee eee ne St KACPS KAGE eee 1, 600 1, 600 
PSA 25 
Arkansas: 
6 Bull Shoals:.se0 ogee boos Hone oe he eee Hy USAR 340 340 340 
9 Lynch, Cecil. 0h 7 pancake atthe eta i ae oa cee St ARPL 239 239 239 
IC ARPL 6 6 6 
20 Lake’ Catherines -si5 «sce an eee St ARPL 739 739 739 
35 Ritchie, Roberty he.) ceuicer eee te ere St ARPL 889 889 1, 639 
38 Barley, Carl E42 5. 2b. on oh eee re one eee St AREG® | 4 pooner 317 ou7 
A2 Riaissellville bs 2 hls setic hd ae ee eo oes St ARPES 7 M0 aot 830 830 
B PlantiB:. scence ee whe ee sae aes oo cee St ARPES See eee 1, 300 2, 050 
C Plant Gee ead ns +o huaes Sees soe bene Cee aoe cee St ARPLAS,  § © “errr 550 550 
D Optimus 2. 5.0.0 ete eye ua ee ope ene me PS USAR gd 8 eee 500 500 
E PeviteJeaniatieee sae neces ohio yo eae eee PS USAR 2 561 561 
G Northulzittley Rock i)2.8s facic eee ware ere St ARPES © | ccc eee 4, 150 
Louisiana: 
Patterson;A= Boer os qsoacree Satine 2 hae aie act genera St NEOP 226 226 226 
GT NEOP 16 16 16 
24 IMGich Oud 55. ha cs cosas oar iste PENG on Cre oe CL Ea aees St NEOP 907 907 907 
33 Nine Mile Poimticncs oe bs eticta hae echelon) coe Rees St LOPL 1,066 = 1, 066 2,416 
45 Sterlington: ¢.0.5.+ sus. qe eral eer oe St LOPL 300 300 300 
50 Little Gypsy. sx /gert 45.0 eerie eet ee neeadens eureka aren St LOPL 1,240 1, 240 1, 240 
A North Louisianas has ok. cons ce te oie cenit St LORE 2 eee 550 550 
D Plant’ D ¢ sso cke ccs a i error rea St LOPE? 7 Sees 1, 850 2, 950 
E Plant: Bye coe eek s Sek oe as ea tore St NE@OP 2 ee 1, 300 2, 050 
H Plant: Fae otc eed oe Oe eR ee ee St NEOP =  s.i6¢-seeeeee 1, 100 
4 Plant, Jasco 2isegies ee sioner ates eee St LOPGL, jj 4... 302 eee 3, 200 
Mississippi: 
MZ Browns Rex. ages oe sseacosetee cones Omcertoroe eee cane St MIPO 390 390 1, 658 
GT MIPO 12 12 12 
23 Wilson Baxterays 6c scan ence en ee ee St MIPO 550 ~—‘1, 300 1, 300 
A Greenvillezc.4 siotartene sl oe ee Eee St MIPO 7 eee 1, 500 2, 600 
Missouri: 
A New, Madrid tai as ccicnlentulesubeene a canon ave etcnenmers irene St ASE CGH lec cone 500 1, 000 
PSA 29 
Kansas: 
45 Elutehinsons Now 2) cic.0 2 cece iat ee een St KAPL 252 252 252 
55 Lawrences tees het ch Oe eRe oe Ce ee St KAPGS .secmener 620 620 
100 Tecumse by wee ae iis ates ate ores Sess Set ee St KAPL 346 346 346 
A3 Wk OWT eo secre ele ean TR RO EEL eee ree eee St KART ieee 1, 430 2, 800 
See footnotes at end of table. 
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South Central Region—Plant List for Possible Patterns of Generation and Transmission Development 
to 1990—Continued 


Plant No. Name of plant Type Utility abbrev. 1970 1980 1990 
PSA 33 
Louisiana: 
19 Hoicberiaaneerr amr cram roe tee islet meena) asta oy Why cc St SOEP Difi| 277 277 
Oklahoma: 
23 HOUSES ROGUIEAK CM neon Temi crane eee Ceti en ines St OKGE 888 888 888 
GT OKGE 27] 27 27 
IC OKGE 2 D oD 
52 BPISt ANE ari Sa echet hse a ees Ons Shee oy Wig a onee St OKGE 504 504 504 
46 SOULAWESTCEDER I RITE cicet conse eihe on c.cttiare cath wamatilenar St PSOK 480 480 1, 480 
IC PSOK 6 6 6 
51 TEER YG 3. 6.} augvaa ee ONO RRO cee OnE ne ene St PSOK 483 483 483 
Ic PSOK 8 8 8 
54 Weleetammeern tc ntihe eee are ere ee hancra Sie stole aiel sie o's to St PSOKS5 9) ete. 628 628 
60 INontheastermmenpaeiinr wert cata caurt rehseom eitiers St PSOK 600 1,173 2, 273 
A Saltire ane re a Aa) ett rice Gitte rem mons ere PS GRID eee | Ge te ar ke a 520 520 
B Semi) Omer suse ricci Nts yas eueteowis susns) 546 ya) audios St @OKGE, YW vee 1825 3, 025 
C3 TEYBTRE 5 GE ab 3 Ot CUO GUE RERCS Catt i ORE ee ae St PSOKs © te ieee 1, 000 2, 000 
D Trot URW) na 3 rola Aceon ne HEME Cie erect ere oe eee St PSOK 9 = OY —oeeates 500 1, 000 
E (CHEASIGS 5 4 usd: ands tree tntons orale Ce Ear ee St ORGE- Ss shine: S25 3, 195 
F3 TRCGLOXPALS a.c cca co Marae OREO GI Se hole EDR NE Rea ee ere St OKG haa ne ecee aa 1, 500 5, 135 
G plasuiskalvomiamennicneonie ce ete okies aa et salen i ae Sek PS USAR © =o 9 ese ee 1, 000 1, 000 
H TESTES oc. cro ch OMe, Bue ee sce so eaact yo np anne oe ee EP St PSOERS 92 © be peters. Peas a 2, 000 
is WAIILTAINE, sa cb gabto-o: tha ayo. 8 hots eae ORC a nee eee a St ES OK ey ale es oars tars 1, 000 
K TRSROLIEG ys. oretepdl ona cholo Bichon OC St OIG ENS Fee cae ee are 1, 500 
i Boktukolamenrrnrccu ta ton Riot laces re ciuaen as sere PS TSAR i) Sten Ry tera, eta 1, 000 
M SIRE TELS lavoro orden aes ENS Seaton shout trc tS Hen acne nan nee PS USAR 18) 9 Yate een et bo: 500 
Texas: 
173 WNATURES.. 515 a bo oncrate ap ances uneeankekcone nei aside ite tens irae ane St SOEP 522 867 867 
AY; IPOS SE oy co Sy cael BENOIT SOR eC EE a ene Se St SOBER) 2 2° “ohana oa 2, 000 
Z lam tel renee herein oe ceore Sete Sear nie d te wue St SOERT -e 835: 750 750 
PSA 34 
Arkansas: 
F Ry MURA Vases fers cia rag vachouctes ee eet: «is hia ot street ke fe Se ae PS WSAR, —— = le ecethee SHIORE. 485 
Kansas: 
68 SNe PEDO AN ere n pe Nae eee ia) hn Sn tas “oss 6 gos St KAGE 348 348 348 
109 EUV ATISMAG OL OMe sree a cicero, a) bees etna aste ee Mets St KAGE 518 518 518 
Bo Beane res hie emanate he rm es ng eas St KAGE, =e S&S 2,000 4,000 
Ginka(SEkManvor S\VVIMo)ataes -ooe ese cess sess s St TROD acdsee oon 500 
Missouri: 
32 | AE SNES | AGS ol oS -c St SPRM 300 300 300 
95 SY) ELM ea cucu SE ROR as RON OS OO St MIPU 442 1,280 1, 280 
96 MIAN TINGS AW Ketereetiy, or aia haya Nhe ale gener see as totale ye PS UNEC 408 408 408 
B TEUEWONE J 556 3 sce Soc: ace Bee OR te Ae en ee St SIPRIViGi an nner ete 300 300 
Cc XG SUS. Shek, ie RRR ES Ea See he see St EVD Ene 500 500 
D Siro rm aSWiel il epee Sere A ER Ra) enclose © teers Grenier St ASEC 465 465 465 
lWinmknOW Name Minne these o Rotionds Rie Mae enue ls St MEP UP > 2 abs ceri e cis 1, 000 
BR? IN Lari CSUR RT ed cen ESE RCTs, ce anche sce ile aie St AS EGE Pl ences ic es 750 
G! ETT OIE By rie fe 8 eG 4 AA 2 ee St SPRMAG. » -oscaethae «4: 700 
See footnotes at end of table. 
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South Central Region—Plant List for Possible Patterns of Generation and Transmission Development 


to 1990—Continued 


Plant No. Name of plant Type Utility abbrev. 1970 1980 1990 
PSA 35 
Louisiana: 
2 Miexandria, City .0fs 2. 2. gone nko ye eee rrr St ALEX | 3.) 29 oe 630 
6 Coughlings,...osc.4 1402: se ae ee ore St CELE 483 483 483 
20 Touisianases.s sac son ee cee oe St GUSU 426 426 426 
30 NelsongiRoy S,i0:5 +25: eres ote ea St GUSU 9207/20 120 
46 Techeiecs its 4c oh eel Oe Oe ene St CELE eee 869 869 
52 Willows Glenna. .c so ee eter arco nc rere St GUSU 933 2s 3, 054 
55 Boniny Doe idk ee See ee eee St LARAS| 2 2 aP eo eee 411 1, O11 
Bt GOs Rocca toed sre sien Lene aeons St CELER ae 550 2, 100 
(Oy Plarit’ Gee yd. ods ere ao tO os ee ore me ere St GUSU” See 220 6, 470 
F Plantae ec oe ee ee eee ee St GUSU,  . © 15. SS 5, 675 
G Plant: Ge hos oie ee Oe ee St GUSU,  ..., 0095. 325 
K Plant -K@piee niin acer ee ae ee eee ear St GUSU  ——ssumana a eee 1 Sale 
L} ZT OTTAS cise eee eo an sa SORE, thee so St GELE.  22:.000. eee 1, 500 
Texas: 
101 Neches. 45 ohties5 ato nts i a I ee oe St GUSU 452 452 452 
169 Sabines Sec tse os eon Ee ere St GUSU 952. 1532 2, 800 
O Tiewis @reekisicn a tscos es ror St GUSUL 9 eka eee 1, 105 1, 680 
NG Bonny Were cess cae ee SER ese hod ae St CUSU a eee 1, 060 2120 
H PlantiHtee sooo can ene ee St GUSU.: ss &. an eeenat eee 2, 081 
jo Plant Jigs /c3 ocd os eters Se Oe ae St GUSU baer eeee 3, 025 
PSA 37 
Texas: 
38 Dentoniascss shee ee ls enter rear St DENTE  nsma deeper 388 
44 Eagle:Mountain) sacce nts so ieee a eee St TEES 290 290 290 
66 Band ley Fon ee Ses RO ee eae St TEES 525 525 525 
78 Dakei@reek: Wocrs Sai oe ee oe oe cao aceon St TEPL 317 317 Bil7/ 
Ic TEPL 6 6 6 
98 Morgans Greek iecinys. ere eee eer St TEES 833 833 833 
Ic TEES 2 2 2 
100 Mountain. Greekitc. seer iin te ore ee eee St DAPL 956 956 1, 471 
105 North Bake vest: sodden See ee Soe St DAPL 700 700 700 
109 PainitsCreeke sche crane sere sical a hunter ake ete St WEDTU ans cle ofan see 425 
111 Parkdale; oti tin cech ee tee Ot cee ie ees St DAPL 327 327 27, 
114 Perimiane Basinesactc sone eo cle ona ee os St TEES? aa .neeeee 742 742 
138 Sayker: Creek: G50. <2 ee eee ee ee ee St TEPL 675 675 675 
Ic TEPL 10 10 10 
144 Enid ad act c= eee am SITE ee PR eee St TEPL 413 413 413 
Ic TEPL 4 4 & 
162 Grahamieeinss. ce cea Reh ofl acai St TEES 635 635 635 
168 Valley Grn i6 ro ect cicce Rae ae ote en St TEPL (PS 5s WOU 1, 100 
180 San Angelouik od oc. cet eee ener PRO een eat St WEEU aa eae 375 600 
A Lake Hubbards octet ae see ree St DAPL 3 Sm lOlS 2, 625 
B fl radingnouse Creek? sj. qatar ae St TEPL 56590 2,065 2, 065 
D Windesigzuiated 3 ac iau.cds eee i ioe ee oan St Undesignated => Sa. 2,200 2, 250 
E Undesieniated wcc.2 See eget stem aoe tee mem eee St "BEPLos) 9 cee aoe 750 2, 500 
F Big Browse vil men at oe Pee oe os Se eee St HES, PERE, aan 1, 150 1, 150 
DAPL 
G ‘ake avontierctct aster ces Senin rere ie eye ner teem St GARI) nous 316 971 
H Wndesignated sak eee panini ce tact ein at er St TEEPE? , 4 . “Ss 4eoo% 750 3, 250 
i Milleties carer ta cae tens cw Oe a ee re St BREP © 9 s) We5e- oar 381 796 
K Undesignatedi4ec ade uke hoe ee ne ocr St TEES) oO oseee ee 1, 500 3, 500 
L Undesionateds 0 05.oe's7ec 1 cn oe: eye haa ra Sst WEE ye eo ee 275 575 
(@y" Windesionated a ua-nis ae nee one St ABES, (007 (cis cueuacy se aceuee 1, 500 
R Undesionated ... £255, teter ne tee oleae aa eee St TEES. == 9 SjnGvies eee 1, 500 
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South Central Region—Plant List for Possible Patterns of Generation and Transmission. Development 
to 1990—Continued 


Plant No. Name of plant Type Utilityabbrev. 1970 1980 1990 
PSA 37 
Texas— Continued 
S RCC NAC fen ia ea oa ree ae ere eT UNS he ag St DYN af BAP SP Cree ent ve ee ee 2, 000 
T Windesiomatediynmcy wear Mo ones eis crane ah giens areas St EE oper PN ert inten eae tl ccs 1, 500 
U WLR Le Ge Be hey Sls ERG Aan Pac Pee coe St GSH SS tae re ade 2, 500 
Vv UNDIES C5 RSG Ue eo aR te te St RUC esivnra LCC mma ae ar e near 1, 000 
W BO MICLESIP ALCS ohare slo uss eo ais eee og Ps one says Dees St Windesionateds My Giannis oss 750 
PSA 38 
Texas 
34 YS OCS Gi DESIG ot CTCL Ee St HOLP 335 335 335 
61 RARE EDGE AV OU erttetah nie) oes Se Greet nai) HONStA eae a St HOLP 375 375 O75 
69 Seah ComPlic Ata) Merton See ne pues ie aiijel eine St ws 6! Sea's St HOLP 210 210 210 
Gt HOLP 90 90 90 
82 BEC OMS COU RT Fon nats atlanta sagsy sr siecas Soe osha yare Koa wks St SAAN 264 264 264 
85 21g DGG CR SN ane, Bien tues te Ree eae ae ee St CEPL 548 548 548 
104 Dy RAD LO Me MRED coins Sie a GIG t No sls Winey Kisnd aye @ soe we SG St HOLP 323 323 323 
GT HOLP 15 15 15 
107 ENRICE COM AY Cea et Rene seins Rig uPA eins Wee WETS es St CEPL 258 258 258 
126 TEXSTRU RSI, (SHUT 5 jaro org 0 5: a.8 OAS OO aR NA Co Pte Re aR NCIC ORE Ee St HOLP 826 826 826 
GT HOLP 30 30 30 
133 | DEVS TOA Te RR al sie RENE OR UR ae a St HOLP 1,240 1, 240 1, 240 
GT HOLP 30 30 30 
148 ESE 5. sia IS ORS po CUG ERS OIC ERE ee ae St CEPL 528 528 528 
151 PRESERVED oP IPRA ycuratnt ates Catia Tata ahe dehy bape em als St SAAN 494 494 494 
154 WV CUStCHrer ety, Crs xty cei CM a Ache ayain Pie Giscaile os =e) a ls St HOLP 614 614 614 
GT HOLP 15 15 15 
163 PACU SLECET eee Pi i Mee os oe ahs areas 0 5 re St AUST 391 391 391 
171 RSIGCOM SUM etic yah ees ee cae ges 8a ee Recs obs St LOCR 250 565 565 
176 Pre U RY TOLON tela ein ie eats oie a cn eared een a St SAAN 898 898 898 
181 Ao Sear a) 2s US a Sin ec ee a St HOLP 1,534 1,534 1, 534 
GT HOLP is 15 1S 
Cc PREC CENCOL CCK rate hie hei ater Ailey a wile nha ahes Soy susie, 3 St AUST 300 300 300 
P SPEC AOA OU eee ele Ease iy SRE © Oke oo 28s St HO lla eae 1, 500 1, 500 
AGC} G@alaycraseee eee ee nse meee St SAAN (4) (4) (4) 
pega JONNSON LAKE) fos. ea eas nes ee ee ees wees St LOCR () (&) (4) 


1 Possible nuclear plant. 

2 Nuclear plant under construction. 
3 Possible part nuclear plant. 

4 Not yet designated. 
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Ownership List for Possible Patterns of Generation and Transmission Development to 1990 


Utility Type Utilities 
abbreviations owner 

Arkansas 
AREC Coop Arkansas Electric Cooperative Corporation 
ARPL Pri Arkansas Power & Light Company 
USAR Fed U.S. Army 

Kansas 

EMDE Pri Empire District Electric Company, The 
KACP Pri Kansas City Power & Light Company 
KAGE Pri Kansas Gas & Electric Company 
KAPL Pri Kansas Power & Light Company, The 

Louisiana 
ALEX Mun Alexandria 
CELE Pri Central Louisiana Electric Co., Inc. 
GUSU Pri Gulf States Utilities Company 
LAFA Mun Lafayette 
LOPL Pri Louisiana Power & Light Company 
NEOP Pri New Orleans Public Service, Inc. 
SOEP Pri Southwestern Electric Power Company 

Mississippi 
MIPO Pri Mississippi Power & Light Company 

Missouri 
ASEC Coop Associated Electric Cooperative, Inc. 
EMDE Pri Empire District Electric Company, The 
KACP Pri Kansas City Power & Light Company 
MIPU Pri Missouri Public Service Company 
SAJL Pri St. Joseph Light & Power Company 
SPRM Mun Springfield 
UNEC Pri Union Electric Company 

Oklahoma 
GRRD State Grand River Dam Authority 
OKGE Pri Oklahoma Gas & Electric Company 
PSOK Pri Public Service Company of Oklahoma 
USAR Fed U.S. Army 

Texas 

AUST Mun Austin 
BREP Coop Brazos Electric Power Cooperative, Inc. 
CEPL Pri Central Power & Light Company 
DAPL Pri Dallas Power & Light Company 
DENT Mun Denton 
GARL Mun Garland 
GUSU Pri Gulf States Utilities Company 
HOLP Pri Houston Lighting & Power Company 
LOCR State Lower Colorado River Authority 
SAAN Mun San Antonio 
SOEP Pri Southwestern Electric Power Company 
TEES Brit Texas Electric Service Company 
TEPL Pri Texas Power & Light Company 
WETU Pri West Texas Utilities 
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APPENDIX A 


STUDY OF PEAK ELECTRIC LOAD DURATION DURING A HEAT STORM COINCIDENT WITH A DROUTH 
PERIOD OF RECORD 


Report of Task Force on Load Forecast SCRAC Meeting 
July 25, 1967—Dallas, Texas 


The study assignment to the Task Force is delineated in the fourth paragraph of the Minutes of the 
SCRAC Meeting of April 25, 1967. The Task Force was instructed in the April 25th meeting to determine 
the duration of heat storms experienced in the South Central Region and to review the shape of daily load 
curves that would result during heat storms of record, and to recommend load and temperature data that 
should be used by other SCRAC committees in studying the application of low load factor hydro, pumped 
storage, diversity capacity, and thermal generation sources to serve summer peak loads. 

Summer loads experienced in the South Central Region are predominantly temperature responsive. 
Persistent periods of high temperatures and the resultant above-normal peak loads will likely occur during 
periods of below-normal rainfall. It is, therefore, fundamental that load conditions corresponding to those 
that would exist during periods of persistent high temperatures coincident with drouth weather conditions 
be used in studying the application of power sources to serve summer peak loads. To do otherwise could 
result in incorrect conclusions being reached as to the economy, reliability, and availability of various types 
of capacity (particularly low load factor hydro and pumped storage) for serving loads experienced during 
the summer months. 

Special studies were made of the correlation of daily loads and daily temperatures for the OG&E system 
covering July and August of 1954, 1964, and 1966. The objective was to determine if we could accurately 
predict the shape of the daily load curve if heat storm and drouth weather conditions that prevailed in 1954 
and 1936 should recur. It is our conclusion that we can predict with a high degree of accuracy the hourly 
loads that would exist during July and August if drouth and temperature conditions typical of those that 
prevailed in 1936 and 1954 should recur. This same conclusion should apply to other electric systems with 
load characteristics similar to that of OG&E. 

Figures 1, 2, and 3 show the OG&E daily load diagrams for the peak load day of 1966, 1954, and 1964, 
respectively. 


Date Peak Maximum Degree Load 
load MW temperature hours factor 
LCL: | LS ae aro 1-19-66 1, 574 108 2, 200 Cee 
RS OOS Ee ee ers f=12-54 495 107 2,219 79a) 
BATTERS os pacts GPa ee 2 aes 8— 6-64 1, 326 106 2022) 80. 3 


It should be noted that the basic shapes of the three daily load diagrams are essentially identical and 
there is very close correlation between load and temperature. Daily load and temperature curves for the 
entire period of July and August of 1954, 1964, and 1966 (Figures 4, 5, and 6) were prepared, and this same 
similarity of the basic daily load shapes and the correlation between load and temperature is evident through- 
out the two-month periods for the three years studied. For weekdays the load varies essentially directly with 
temperatures from 6:00 A.M. to 3:00 P.M. The increase in load amounts to approximately 114% for each 
degree increase in temperature. Copies of the daily load and daily temperature curves consisting of sixty-nine 
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11” x 14” sheets printed on an IBM 1800 Computer (Figures 4, 5, and 6) are not included as a part of this 
report, but copies are being furnished the F PC office in Fort Worth. 

Figures 7 and 8 and the table below show temperature data for Oklahoma City. The most adverse 
temperature conditions during recent times occurred in 1954 and 1936. 


Oklahoma City Temperature Data 


No. of days No. consecu- No. of days No. consecu- 
Year 100° F. tive days 100° F. 95° F. tive days 95° F. 
or higher or higher or higher or higher 
L936 ct dos) seaie o 9 e Oe geare 43 22 67 yi) 
1954 Bikers Wis ora ane menern as 4] 10 71 vi) 
LOGS oa isc hy. Aa ee eee 21 8 46 15 
JES.0; Oke Pape nae ns rare einer a eat 23 19 44 20 


Accurate curves of daily load that would exist for July and August based on 1936 weather conditions 
could be developed for each system having predominantly temperature responsive loads similar to that of 
OG&E. It appears probable that accurate curves of daily load could also be developed for selected areas 
such as the Southwest Power Pool and the Texas areas. It is the recommendation of the Task Force that 
daily load curves for individual systems or selected areas based on temperature and weather conditions 
typicai of those prevailing in 1936 be used for studying the application of low load factor hydro, pumped 
storage, diversity capacity, and thermal generation for carrying July and August peak loads. 

This report is submitted by the Task Force on Load Forecast, consisting of C. W. Anthony, G. E. 
Schmitt, and W. M. Brewer, on July 25, 1967. 

/S/ CG. W. ANTHONY, 
Chairman. 
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FIGURE 8 


OKLAHOMA CITY SUMMER WEATHER DATA 
WILL ROGERS WORLD AIRPORT WEATHER STATION 
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APPENDIX B 
TEMPERATURE—LOAD CHARACTERISTICS 
SOUTHWEST POWER POOL 


By T. R. Hoke, Oklahoma Gas & Electric Company 


A report on temperature-load characteristics of the Oklahoma Gas and Electric Company was presented 
to the Sixth Meeting of the South Central Regional Advisory Committee on July 25, 1967. At the Com- 
mittee’s request, and with Mr. Bill Hulsey’s cooperation, this study has been expanded to cover the Southwest 
Power Pool. 

The purpose of this study is to determine the shape and duration of the hourly load curve that would 
result from a reoccurrence of the heat storms of 1936 or 1954. 


Conclusion 

Based on historical experience, a heat storm of the proportions of 1936 or 1954 would produce one or 
more periods of five successive days with essentially peak load each day. The principal change in the shape 
of daily load curves since 1954 has been elimination of the troughs at 1:00 p.m. and 7:00 p.m. producing 
longer duration of peak or near peak daily load. 


Recommendation 

Long-range studies of low load-factor sources should be based on the occurrence of five successive 
days of peak load. The historic hourly load shape of 1954 peak week, with smoothing to eliminate the 1:00 
p.m. and 7:00 p.m. troughs, may be used. Alternatively, the average hourly load shape for the month of 
July, 1954, may be smoothed and applied for five successive days. The load shape recommended is in percent 
of peak load and may be applied to any forecast. 


Procedure 

Hourly loads for July and August, 1954, and 1966, were obtained for the total Southwest Power Pool, 
Oklahoma Gas and Electric Company, Southwestern Electric Power Company, and the Middle South 
System. 

Hourly dry-bulb temperatures for the same periods were also determined for: 


Beaumont, Texas 
Jackson, Mississippi 
Kansas City, Missouri (1966 only) 
Little Rock, Arkansas 
New Orleans, Louisiana 
Oklahoma City, Oklahoma (also 1936) 
Shreveport, Louisiana 
Wichita, Kansas 
In total, these data comprise 11,924 hourly loads and 23,848 hourly temperatures. 


Computer analysis of this mass of data confirms that peak-period loading of the Southwest Power Pool 
is a temperature-responsive mechanism. Results are presented graphically for the peak week-day periods of 
1954 and 1966 for each of the participating systems in Figures 1 through 8. Note that the temperature scales 
are different for each chart. The computer program forces the maximum-minimum temperature range to 
plot over the maximum-minimum load range in each case. The plotting range is determined from the two- 
month period, not just the five days shown. 
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The total Southwest Power Pool load is correlated with eight area temperatures in Figures | and 2. It is 
apparent that 1954 was not only hotter than 1966, but that high temperatures and loads were sustained for 
the entire week. 

Figures 2 through 8 show that OG&E, SWEP, and Middle South respond similarly to temperature 
extremes. 

A comparison of the average hourly load shapes for 1954 and 1966 for the four participants is plotted 
in Figures 9 through 12. In each case, the 1954 curve has a broader shape above 75 percent load but has 
troughs at 1:00 p.m. and 7:00 p.m. The wider shape is due to the greater temperature duration of 1954, 
and would be reproduced in any year with similar temperatures. The reduced 1:00 p.m. and 7:00 p.m. 
troughs in the 1966 load shapes indicate a trend to longer persistence of daily peaks. 

Temperature-duration curves for OG&E are shown in Figure 13 for the years under study, as well as 
1936, the hottest year of record. These curves are indicative of other companies’ experience in this area. 

In Figure 14, the hottest Oklahoma City week-day periods of 1954 and 1966 are compared with the 
hottest five-day period in 1936. 

This study was limited to dry-bulb temperatures because of data availability. However, analysis of 
OG&E data has shown that humidity and the “THI Comfort Index” have little effect on peak load. The 
total energy consumption for the summer period does correlate well with the number of THI degree-days 
experienced. 

In Oklahoma, high temperatures are always accompanied by low humidity. During the 10 years, 1954- 
1964, temperatures of 100° or over were recorded for 398 hours. The accompanying humidity for 329, or 
83 percent, of these hours was in the range of 0-29 percent, with the remaining 69 hours all below 49 percent. 
For temperatures over 105°, humidity was always below 29 percent. 

Hourly humidity readings are plotted with OG&E load and temperatures for the peak week of 1954 
on Figure 4. 

Humidity obviously is a much different factor in New Orleans and Beaumont, but neither of these 
cities experiences temperatures over 100° 

Tom Hokg, 
Oklahoma Gas and Electric Company. 
OctToser 16, 1967. 
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TEMPERATURE RANGE 69 DEGREES TO 106 DEGREES 
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MIDDLE SOUTH LOADS VS AREA TEMPERATURES» JULY» 1966 


LOAD RANGE 


1885MW TO 4368MwW 


TEMPERATURE RANGE 68 DEGREES TO 100 DEGREES 


TEMPERATURE SCALE 
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MIDDLE SOUTH LOADS VS AREA TEMPERATURES» JULY» 1954 


LOAD RANGE 861Mw TO 1597MwW FIGURE 6 


TEMPERATURE RANGE 71 DEGREES TO 106 DEGREES 


TEMPERATURE SCALE 49) 53° 57 60) 64: 68 72: 76 79) 83) 7) 92) ..958) 980 1028 106 
PERCENT LOAD (0) 25 50 75 100 
7/12 1 leccelesoelecceleoselovcsleoseleccelecsleceoleccelecsclecesINagppagceSecceleccelsccelecesleccalaasal 
T/12 2 I I I WN I I 
7/12 3 I I : SNS : : 
Uden re 4 I I NS 
7/12 5 I I I Ny N i I 
7/12 6 Tiscjeisil's eieieil aialereilialeretell Caletoterllcte’eleilicietete lieveleis'lie'e cfesliste/eleiliaisinels TN wieleleiliels eleil tavelorerl ajetere liele sieilieteterailtetetererl 
7/12 7 I 1 1 OY ee ai I 
7/12 8 I I NR — ; 
7/12 S I I x I 
7/12 10 I HON OY I I 
7/12 11 I 1 I 
7/12 12 TiataYereiliereie'e leleisietlielesereilieielela Lisiereleilicieieieilvele/ss lisievelellerstelell cisisie lisvelsteiltsie(eie lietarstellieisisieltae spilt we ool 
7/12 13 I I I I : Vo) I 
7/12 14 I I I I : WS I 
7/12 15 I I I I WN 1 
7/12 16 1 1 I I A I 
7/12 17 I I I I ns 1 
7/12 18 [atereleiliateiciell sieisieilis\eleieilie'elaleifiereiolel evereteilieleleledicisie(eilisie erellveisrereillareaieilte erevsilicinclelisersieticts e ef 
7/12 ne) 1 1 AA S IT 
T/12 20 I I I WwW RES I 
7/12 Pa I I I NN SAX 1 
7/12 22 I 1 1 ENS I 
7/12 23 I I I . I 
TW/12 24 [enee[sees[aeae [anes] cene[sese[eces [sens [eens [sens ]eezelenes122221 QQ BSS 5 ]===2] s225[ seca] esas] 
7/13 1 I 1 I No I 
7/13 2 I I 1 \w: N I I 
7/13 3 I I 1 IW I I 
7/13 4 I I I eS I I 
7/13 5 I I 1 a I 1 
7/13 6 Tye eisiel listers le Lisie'e eilvaleteleil otajeteitio\e sail eiaveletl sieves itisiersiell eleieislicicciniiicne x N oWags I'o.eivio lielae eilininieraillejsioveitefareenlicteretaly 
7/13 7 I I I \eNN : I 
7/13 8 I I I BR ay I 
7/13 9 I I I I 
7/13 10 I vO I I Nee I 
7/13 11 I I I I I 
7/13 12 EG HONOR OOODOO OOOO LCOON OGD ONOOOd! UGOOn ddodohannolcosallasoolinacaltscaoltac I 
7/13 13 I I I I 
7/13 14 I I I N : 
ee WN WY 
7/13 16 I I I N 
7/13 17 I rf I 
7/13 18 Tioiejelailiorere'silicisjersilicinjels lieisieleil ie elsieil etoielelliwielereilvejelerellintavereil Cererecelileeisreilteiistedicrsiers 1 
7/13 19 I I I I 
7/13 20 I I i I 
7/13 21 I I I \ ‘ I 
7/13 22 I 1 I - I 
NY 
7/13 23 I I I \ : I 
T/13 24 [s=22[=<= ]==ss]=22s]sec2]s222|25s0] ens2 [secs] e222 22) SS hy RNS Re | sss=[ e=2=] een] ze=] 
7/14 1 I I I WKS RR I 
7/14 2 I I I Nat I 
T/14 3 I I 1 aN Ss I I 
T/14 4 I I f NS N I I 
7/14 5 I I I "a I t 
7/14 6 leseeleeeelereeleveeleveeleereleelesseleeesleeeeleeee! RN a sieilisielateilio s cleilie/eeeilisietsielliceevat 
7/14 i I I I Ny ANS I 
Ts 8 I I I I 
7/14 9 I WEDNESDAY I I 1 
7/14 10 I I I I 
7/14 11 I I I INQ 1 
7/14 12 Herelsisiliereteleil sielere lieis'cie lieisieie|lis.o cieilisiels\eilisieieia lisse sioieieilisieclalisiciselisieieeirecisieilicresisihicte Nyy ol 
7/14 13 I 1 I I I 
7/14 14 I I I A I 
7/14 15 I I I I 
T/14 16 I I d WW I 
7/14 17 1 I I : i 
7/14 18 Merelereylisisioioll reisreylisieieio!l \olereie liejereveilioisiotallisislateilie eielsilieiorerellicieiotellisisisrettereieieiliciateilicices Leloocel 
7/14 19 I I 1 1 
7/14 20 I I I b \N I 
7/14 21 I I 1 \ . I 
7/14 22 I I I WSK : I 
7/14 23 I I I » “i 
7/14 24 [asa [ascelseen[sesI cece [ones [aceeLosen|eees [sees] sees 102212228 San] s2x=[ eure] esarl 
7/15 1 I I I INES oN 1 
7/15 2 I I 1 SX Sh I 1 
7/15 3 I I I We N I I 
7/15 4 1 I I OY I I 
7/15 5 I EN I 1 
I I 8 ow 
7/15 6 Kelerereilieieisieiliclsieie lieisisieilistelarellicieieienlieleleie lio vse silisiereieilislelereilicietelicies SX; p lisisisiethiolersisiliete sleliciove o lisiaisteliatietat 
7/15 7 I I 1 XN = I 
7/15 8 I I I . — I 
7/15 9 I 1 I : 1 
7/15 10 I Uae I I I 
7/15 11 I I I INSN 1 
7/15 12 Lestat sns cnt -rtonecdsenehnawel set sccolsenelnasclencelccncl ecm lccatss DN I 
7/15 13 I I I I I 
7/15 14 I I I KI 
7/15 15 I I J 
TW/AS 16 1 I I 
7/15 17 1 I 1 1 
7/15 18 Tatelaveslisierereiliolal ere) Liele)siollisiere'e lielelele lialeielelile ersieilielelereilie sieteiliajeve atlieveleveilrersietelicetete licteretelliers NS 2S 
7/15 19 I I I I 
7/15 20 I I 1 N I 
UALS) 21 i I if WR I 
7/15 22 I I I : ° I 
715 23 I I I ws AS : 4 
415 24 leses|s=2=] 2522] 5-22] =2ss]ses2leres| eens] seas eeen | eee [sess] esse rt ssee[eees[saxsl anes] 
7/16 1 1 I I b RES fi 3 I 
7/16 2 I I I WS j I I 
7/16 3 I I I Ys I I 
7/16 4 I I I we I I 
7/16 5 I I I : 1 1 
7/16 6 losceleseeleevelescelecesleceslecselocselecnelooeelescel eres! SUR eteverei liste svelte sles lialeie'slisiaierailiotelaret 
7/16 7 I I I : - I 
7/16 8 I F 1 y I 
7/16 9 I FRIDAY I I I 
7/16 10 I 1 I I 
7/16 ll I I I I 
7/16 12 Lseoiailicisisie lieisisieilisialcteliscie/elieis ce Leleisieliccnsilisieie.s lalsiereilicterialictsisislicieteieliceiee teainelieasten at 
7/16 13 I I k I I 
7/16 14 I I LOAD = PERCENT OF PEAK yom I I 
7/16 15 I f : I 
Wile ie 1 AVERAGE DRY BULB TEMPERATURE wom moe : f 
7/16 17 I tere fe I Oss 1 
1/16 18 lecccleccolecvelecccioes J = JACKSON® MISSISSIPPI Piste lieiswleilicicielelerreriacierolic RRS oo I 
7/16 19 1 Lk = LITTLE ROCKe ARKANSAS N XN IT 
7/16 20 I N = NEW ORLEANS+ LOUISIANA I 
7/16 21 I Si= SHREVEPORT» LOUISIANA : I 
7/16 22 I I 1 < I 
7/16 23 I I I s) 
TING 24 aes) aie rr te mune nienlerLits PARC a re es er 


III-1-104 


SOUTHWESTERN ELECTRIC POWER COMPANY® JULY» 


LOAD RANGE 


133MwWw TO 


312MW 


1954 


TEMPERATURE RANGE 72 DEGREES TO 105 DEGREES 


TEMPERATURE SCALE 
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SOUTHWESTERN ELECTRIC POWER COMPANYs JULY» 1966 


LOAD RANGE 329MwW TO 940MW 


TEMPERATURE RANGE 71 DEGREES TO 100 DEGREES 


TEMPERATURE SCALE 67 69 71 Ue 75 XA 
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FIGURE 9 


SOUTHWEST POWER POOL AVERAGE HOURLY LOADS 
JULY»® 1966 
WEEK DAYS(*) SATURDAYS(+) SUNDAYS (9) TOTAL(X) 
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FIGURE 10 
OKLAHOMA GAS + ELECTRIC CO AVERAGE HOURLY LOADS 


JULY» 1966 
WEEK DAYS(#) SATURDAYS (+) SUNDAYS ( 9) TOTAL(X) 
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FIGURE II 
MIDOLE SOUTH AND AM AVERAGE HOURLY LOADS 


JULY» 1966 
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FIGURE 12 
SOUTHWESTERN ELECTRIC POWER CO AVERAGE HOURLY LOADS 


JULY® 1966 
WEEK DAYS(*) SATURDAYS(+) SUNDAYS( 9) TOTAL(X) 
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TEMPERATURE IN DEGREES FAHRENHEIT EQUALED OR EXCEEDED 


FIGURE 13 
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TEMPERATURE — DURATION CURVES 
1488 Hours July and August 


Oklahoma City 
Dry Bulb Temperatures 
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OKLA G & E CO MAX TEMPERATURES® 19369 1954 AND 1936 
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APPENDIX C 


COMMENTS ON UPDATING NATIONAL POWER SURVEY 
BY GULF STATES UTILITIES 


Gur States UTIiLities ComMPAny, 
Beaumont, Tex., May 29, 1968. 
Mr. C. W. AntHoNny, Chairman, 
SCRAC Load Forecast Task Force, 
Oklahoma Gas & Electric Company, 
321 North Harvey Street, 
Oklahoma City, Okla. 


Dear CrareNcE: Re: Updating National Power Survey. A comparison of the load estimates of 
SCRAC’s Load Forecast Task Force and the generation estimates of SCRAC’s G and T Task Force, as 
they apply to Power Supply Area 35 and more particularly to Gulf States Utilities Company, indicate wide 
discrepancies. 

Data compiled by the G & T Task Force follows: 


Load: 1970 1980 1990 
re eS yey oh ne ee dU cs 2) cas alas aut) sliyniie Mole @hev tle She Ss olan ete ghee es 3, 267 95523 28, 003 
SL IKCKS 0 ciate Bee aati dale tnt ug td ohm hl a aE 642 1, 760 4, 300 
NEAL ANC CEMENT Sen Porte Macrae oe CATES ais als ee Ste een oS eke wise Deve ests 82 362 1, 004 
JN CSRAPIE ETE Seat 0% oot BAGS Gee Sh CIT ge CRNA ae ke Sega era a Pe 91 222 342 
aN Oe eyes cei as tiene) aes cas a teus ean G yas as Baie "e sie oye ine “absendt<lal aa 4, 082 11, 867 S55 379 

Capacity: 
ESE, ES oo. os o.5 10 © ANCA acs ROE OVC CREP SRS ert PPS a gra Zee ey/ 135159 38, 893 


The load forecast compiled by SCRAC’s Load Forecast Task Force approximately 2 years ago was: 


1970 1980 1990 
a a oot es nel oye ee hie 9 «even a, pet nin wu edad oe dos ak ere aie Meremaae 4, 240 iN, Zax 24, 250 


A breakdown of the above loads, using 1970 forecast as a base, appears as follows: 


1970 1980 1990 
Se eee, esr Sar aio dhe nae a fe Sisto le pe pao aa wa 3, 267 8, 661 18, 687 
CHLUEKCIO) . 5s a 000 0.0 6 Olo O OOS Oe Diario e aR OROR ERS EO RR octane 642 1, 700 3, 670 
a eet doy Pal Pioins SBe oye soleus tiplegceainchoud Wawieiinre. pees: sisiisiinvnle De 82 yaw 469 
EICXCUIAG TA AP ER RE ease ered Nev tes eran aes oe ok ashe etioetay a Be ecrs ektiiayusitclete ory neveieus. 6-68 9) 241 520 
UL NT Se oo 0 te G'S SW SS RIS GSTS By ea een 158 421 904 
UNG HAL 6.0 136.8 6 SO: HOUR Oro UDC Sc ceCh Sy EE Oe eae IC CRS no 4, 240 11, 240 24, 250 


For the past 34 years the growth of Gulf States Utilities Company has averaged 11.4% per year com- 
pounded annually. The attached tabulation indicates this trend. We cannot afford the luxury of reducing 
this trend in the foreseeable future and we agree with the load and generation forecast of the G and T Task 
Korce,: 

The largest accumulation of oil refineries in the world presently exist in the area comprising Houston, 
Beaumont, Port Arthur, Lake Charles, and Baton Rouge. The petrochemical industries in these areas run a 
close second. There are many reasons influencing the location of these industries, some of which include 
relatively inexpensive ocean transportation, almost unlimited land availability, adequate fresh water, and 
abundance of raw material. 

We object to the decrease in the load growth trend during the last 10 years of this survey period, as it 
applies to PSA 35, and we recommend appropriate revisions be made in these forecasts. 

Yours very truly, 
/S/ Bob 
R. W. SHERWOOD, 
Senior Vice President. 
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Gulf States Utilities Company Load and Capability Estimate System Yearly 60 Minute Peaks, 1933 
Through 1967—Actual; 1968 Through 1973—Estimated 


Actual Estimated 
Year 60 minute Year 60 minute 
megawatt peak megawatt peak 
Ie erole ner stant MeL Lee NODA Oro Oe ose 60 D968 tise ccc bvarlelnacre ch eee oanene ete ene 2, 580 
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APPENDIX D 


SOUTH CENTRAL REGIONAL ADVISORY COMMITTEE 
TASK FORCE ON COORDINATED PLANNING AND DEVELOPMENT 
HYDRO UTILIZATION SUBCOMMITTEE 


By Bill C. Hulsey, Southwest Power Pool; J. R. Johnson, Federal Power Commission; 


Walter M. Bowers, Chairman, Southwestern, Power Administration 


The Task Force on Coordinated Planning and Development appointed a subcommittee to consider the 
aspect of the utilization of hydroelectric power (both conventional and pumped storage) on the projected 
1980 and 1990 loads. The purpose of the study was to determine if existing and potential hydroelectric 
peaking capacity would have sufficient energy available during heat storms and drouth conditions to be 
usable on the South Central Region’s estimated 1980 and 1990 peak loads. In order to accomplish this 
assignment, the subcommittee assumed that certain potential hydroelectric projects (both conventional and 
pumped storage) would be available to help meet total load requirements by 1980 and 1990 (See Exhibit A). 
The use of these potential projects in this hydro-utilization study should not be construed as a recommenda- 
tion by the subcommittee that any of the potential projects should be constructed. 

As demonstrated on Charts A, B, C, and D (Load Duration and Load Distribution Charts) attached 
hereto, the hydroelectric resources set forth in Exhibit A and summarized on Table I, totalling 5,540 mw 
in 1980 and 8,460 mw in 1990 can be utilized satisfactorily on the 1980 and 1990 loads. Table IT depicts the 
estimated capacity load-resource relationship for 1980 and 1990. The total hydroelectric resource capacity in 
1980 and 1990 is approximately 5.3 percent and 4.2 percent of the total 1980 and 1990 capacity require- 
ments respectively. 

In order to accomplish this assignment, the subcommittee used the load forecast and load shape 
adjustments for heat storm conditions recommended by the South Central Regional Advisory Committee 
(SCRAC) Load Forecast Task Force.t The hydroelectric resources considered were those listed in Federal 
Power Commission’s (FPC) preliminary report dated February 1968 entitled Conventional and Pumped 
Storage Hydroelectric Resources. 

Recognizing that not all of the hydroelectric resource projects listed by FPC will be feasible, the sub- 
committee selected certain projects which it considered might be available in 1980 and 1990. 


TABLE | 


Dependable capacity 


Hydroelectric Existing Project Project 


resources and under additions Subtotal additions Total 
construction to 1980 (mw) to 1990 (mw) 

(mw ) (mw) (mw ) 
Conventional ewe jackie 2, 670 290 2, 960 940 3, 900 
emmaped@ Storage... a... . a. 520 2, 060 2, 580 1, 980 4, 560 
Br Otal parines cacenic hp Oe aie 3, 190 2, 350 5, 540 2, 920 8, 460 


1 Report on Temperature-Load Characteristics of the Southwest Power Pool dated Oct. 1967 prepared by O.G.&E. Co. 
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TABLE Il 


Load: 1980 1990 
(mw) (mw) 
Peak Annual Load 6.960.085. ada ee ee eee 90, 980 181, 810 
Reserve-Required tain aemcis oo ee ire ene aoe oan ae ron ear eer ew 13, 650 21, 820 
Total Capacity i:Requivements,. otic otou ake cet Se eae tees 104, 630 203, 630 
1980 1990 
Resources: (mw) .77,,) (mw) (%) 
Pumped Storage: Hydro. 5c aise eevee orton ty ee 2, 580 250 4, 560 222 
Conventional Plydro 2... erga ee eee ne te ee 2, 960 2.8 3, 900 LS 
Diversity Exchange: vs. c2.4c¢e eda vw Soo ee eRe ict eer eet 1, 500 1.4 1, 500 ORZ 
Other Plants? Hest si aces RP. DIE 5 ge ee 1 627590)" 5928 yetl2a7670 60. 8 
Base:Load ‘Plants *3.4..c6 008 in eis Piano eee eee 3O,000 MS 3a5) 70, 000 34, 4 
Total Resource. iixcauta donteiytind Dade share eee Oe mae 104,630 100.0 203,630 100.0 


115% in 1980 and 12% in 1990. 

2 Dependable Capacity. 

3 Gas Turbine, Peaking Thermal, Diesel, and other Thermal Units. 
4 Conventional Thermal and Nuclear Units. 


The projects existing and under construction, together with those selected, are listed on Exhibit A. It 
is recognized that some of the projects listed may never be built, while others may be built that are not listed. 
With this in mind, it is important to consider this potential as an amount of capacity and energy as sum- 
marized in Table I. The dependable capacity is considered as that available at the end of September during 
the minimum energy year. The total primary energy available from the projects, as accepted by the sub- 
committee, is the total energy estimated to be available during the minimum energy year (see Exhibit A) 
reduced by 15 percent to allow for the difference between the theoretical potential indicated in hydraulic 
studies and the amount that is obtained in actual operation. 

This adjustment factor, as developed by hydraulic engineers of the Southwestern Power Administration, 
is based upon experienced system operation and is considered to be applicable to the total minimum energy, 
but not necessarily applicable to any particular project individually. Streamflows used in the computation of 
primary and average annual energy of the various projects are used as they occurred during the historical 
period with no attempt having been made to reflect changes in basin water resources development, land use 
and treatment, and depletion for other uses. Also many of the energy computations are based on reservoir 
routings on monthly basis which invariably produce a higher potential energy value than weekly or daily 
routings. The adjustment factor, reflecting experienced changes in primary and average annual energy in this 
area, is intended to correct these deficiencies in data. Further studies may indicate a need for a greater 
corrective factor. 

The distribution of minimum year energy for conventional projects was established at 60 percent of the 
annual energy during the 4 peak months of June, July, August, and September with a monthly distribution 
in 1980 and 1990 as follows: 


TABLE Ill 
Monthly Energy Distribution 


Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. 


5% 5% 5% 5% 5% 10% 20% 20% 10% 5% 5% 5% 


—————_ 
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The 5-percent minimum monthly generation is considered essential to provide for generation require- 
ments at run-of-the-river projects and for downstream water requirements such as fish and wildlife, pollution 
abatement, etc. 


The pumped storage projects are expected to operate only during the peak months when needed to carry 
the load and will be available at other times for reserve. 

The pumped storage projects assumed to be in service in 1980 and 1990 were estimated to operate 
during the 4 peak months on a weekly cycle of generation and pumping. The maximum daily generation was 
assumed to be equivalent to approximately 9 hours of continuous full load generation. Change-over time 
from one mode of operation to another—i.e., from generating to pumping or from pumping to generating — 
was assumed to be one hour. The weekly load shapes designated Charts C and D show that 2,580 mw and 
4,560 mw of pumped storage capacity could be operated in the peak of the load for 5 days a week during 
the weeks of maximum demand in 1980 and 1990, respectively, with sufficient pumping time during the 
off-peak hours to sustain a weekly cycle operation. Each system must determine whether or not it can 
economically utilize the proposed pumped storage capacity. 

In 1980 it was found that additional pumping capability would be needed if the pumping period were 
limited to 11:00 p.m. to 8:00 a.m. with a forebay storage of 16 hours. This problem was not experienced on 
the 1990 load. The pumping requirements shown on Chart C (1980 daily distribution curves) maintained 
these limits, but assumed the pump would be rated 25 percent greater than the generator in project design. 
The choice between greater pumping capability and increasing the forebay storage would be a matter of 
economics. In the event the project were placed higher on the load or a greater portion of the project assigned 
to reserve, as could be expected in system operation, such increase in pumping capability or forebay storage 
would not be needed. 

While this subcommittee is interested primarily in the application of the hydroelectric resources to the 
load, other aspects of the load were necessarily considered. These other considerations include: 


(1) The assumption that all loads and resources within the South Central Region will be fully coordi- 
nated by 1980. 

(2) Interconnections with other regions such as Tennessee Valley Authority (TVA) and Missouri 
River Basin (MRB) permit the utilization of load diversity to supplement regional resources. While 
greater amounts of diversity are expected to be available, 1,500 mw is assumed in this report to be 
available from TVA during the summer peak months of 1980 and 1990 with an equal amount 
being returned during the winter peak months. Electrical and hydraulic diversity exist between 
MRB and FPC Area K, but has not been fully evaluated and is therefore not included as a resource 
in this report. 

(3) Reserve requirements. The subcommittee is aware that any estimate of probable reserve require- 
ments in 1980 and 1990 will be subject to question. For this reason an attempt was made to deter- 
mine the existing reserve policy for a number of the larger groups. Opinions as to future trends were 
solicited. 

Of the groups surveyed, all follow the Southwest Regional Group recommendation of a minimum 
of 12 percent of the peak load estimate with the exception of the Middle South System which has 
adopted 16 percent. 

As concerns long-range estimates, several individual systems are known to feel the reserve require- 
ments will increase to about 16 percent. However, a long-range study prepared for the MO-KAN 
Pool suggests that 12 percent will continue to be adequate. 

As the trend to larger units (and more critical steam conditions) continues, the subcommittee feels 
that a trend to higher reserves by 1980 is inevitable. We suggest 15 percent would be appropriate 
for 1980. 

From 1980-1990, as experience is gained with large units, it is felt some standardization may be 
manifested. This would tend to eventually reduce the reserve requirements. The subcommittee 
feels also that if closer coordination could be brought about and some method devised to share 
reserves that the area-wide requirements could be reduced. We feel the requirements by 1990 will 
be reduced (again) to 12 percent. 
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Operating recommendations of the Southwest Regional Group state that each control area shall main- 
tain a ready reserve of not less than 6 percent of the area’s predicted annual peak load with no less than 
3 percent of such predicted annual peak load maintained for spinning reserve. It is with respect to spinning 
reserve that hydro units take on added significance. Operating Guide No. 10 of the North American Power 
Systems Interconnection Committee states that in the main, equivalent spinning reserve capacity may 
include instantaneous interruptible load, instantaneous curtailment of pumping load on pumped hydro 
units, condensing hydro units and similar capacity whether within the area or in neighboring areas. 

Because of the reliability and quick response associated with hydroelectric resources, it is considered 
reasonable to hold a larger percentage of the hydro available for ready reserve. In this resource utilization 
study, while recognizing that 100 percent of the dependable hydro capacity can be used on the load with the 
available energy, the subcommittee has accepted 25 percent of the dependable hydro capacity as a reasonably 
conservative amount of the dependable hydro capacity to be used for reserve, with 75 percent of the depend- 
able hydro capacity placed on the load. In this study, the 25 percent of the dependable hydro capacity that 1s 
held for reserve is equal to less than one-half of the region’s spinning reserve requirements. 

Recognizing the need to use gas turbine and peaking thermal plants a minimum number of hours 
because of their high energy cost, the subcommittee considered it appropriate to assign these resources to the 
peak 5 percent of the load. All hydroelectric resources (conventional and/or pumped storage) are therefore 
placed on the load curve below 95 percent of the monthly peak. 

As shown on Charts A, B, C, and D, these hydroelectric resources will not provide all the peaking power 
needed by the system. In other than the minimum water year conditions the hydroelectric resources will 
operate at a higher plant factor. 

In conclusion, the subcommittee observes that the conventional and pumped storage hydroelectric 


capacity expected to be available in 1980 and 1990, as set forth herein, can be utilized satisfactorily on the 
load. 


IIJ-1-118 


EXHIBIT A 


HYDRO RESOURCES 


I. CONVENTIONAL HYDRO 1980 


A. Existing and Under Construction: 
ISBERREIDA © ae AN GUCUR SO Geile Waa ara ne ee 


ERS Se Gale g A ean es ean ee 
LAGOS CULE. seb i a a 


BE SOC ere et ata sala) siw ae neleauns 
AES ANET Sve Sy a a ne a 
AAR RCEPY 85 oe oe n'a x)s 6's 5 eno oe 
PACS AOSOM' = yuh ee ce eek eas Sears wd 8 


“Pei OIG ING 5 a 
ee Ae aide mies S38 he 


15% energy depletion adjustment ® 
pxcipisted total. =: Siew anh aes as 3 t 


B. Additional by 1980: 


15% energy depletion adjustment 6 


eaiisted total. wa wai kl Se Sieg 
See footnotes at end of table. 


SieikS/.e) ei tevin Ke 8) (p"el ei 'e! tl.elvel a he rel 4 


Bi isi a (oVAwh cele) 8) i et oye, (e) 9. mrielisye, Jey fe 


@ fale’ wie) wie!» 5) ta wi el eliel ‘ose a, ye) 18a) 
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Energy 

Capacity ! Minimum Average 

(MW year ? (KMWH) annual 3 

(KMWH) 
112 85 172 
200 272 495 
16 61 gee 
340 394 785 
70 105 196 
93 110 101 
70 109 247 
86 72 139 
1) 90 156 
56 63 103 
10 37 50 
68 60 91 
21 14 20 
72 59 228 
86 88 330 
108 50 180 
485 61 191 
66 54 213 
34 Do 114 
90 180 317 
110 184 459 
100 154 429 
124 275 613 
80 108 230 
49 49 117 
22 4] 82 
28 40 82 
34 59 100 
12 22 46 
49 37 86 
30 ZI 56 
Cat MR Petree ee ete are 55 
68 91 200 
14 31 70 
32 41 102 
160 144 283 
2, 670 3, 314 7,251 

OTD eins or core 
2, 670 2, 817 He sea' 
23 23 89 
85 aes 2; 
180 225 420 
290 241 531 
AS MMMNEAD Weed a tithe meee yaks oye, « 

290 205 531 


HYDRO RESOURCES—Continued 


Energy 
Capacity ! Minimum Average 
(MW ) year ? (KMWH) ale 
(KMWH) 
II. PUMPED STORAGE 1980: 
A, Existing and Under Construction: 
Salanaye. 2 su Pe ee ce oe eM Ses oe te anne gE eee ee ress Peace 520 
B. Additional By 1980: 
© ptimnus secs ase seek re ee ee ce ee eee eae eee eae 500 
Tuskahomas s ss xciacas ken eee ee 1, 000 
Petite) ani. ia. iis tee te ong ees ee Ret ee ate ea 561 
fo} tO  ereaR s PeeR rt pe ttt maby carnitine ctor tits ig BR tytn & 2, 061 
Ill, ADDITIONAL RESOURCE BY 1990: 
A. Conventional: 
Grandviewis Le see tyact mn) oe Ree Rn aR Eee: 18 8 34 
(Galena 4 iene. Satie, + aceaion (aoe a eee Re era nee ee 43 ES) 60 
Bell, Boley gi. 3.cie iste seman ts ta a er, pep et aia es er eke ae ar 24 11 26 
Buck Creek: ees aie hein e mee en rar eB ee a cere 12 10 We 
Hugo Danis. ie teeth ee oaks ee ee ee ge 50 39 71 
Pine: @reekv tas. ata ee os ee ee Se a ee 86 38 58 
Lauklatar sac eke ko tare Sue eanc es tan Blame apy etree Se ree 35 33 44 
Muskahomia haus ie eee ee eek a eee ae Rae eee NW) 16 28 
Hartley velco cacwene rye ues ee eared ree Cae pee gees 14 12 7/ 
Sherwood este cunrntcienre, snr eae tee eeae 103 64 98 
Grain es vil leie cee Spee teat ee eee he Pee ene kare Ra 50 54 82 
Dougherty ste atvew seg ee ees ee tor ede cg ey are 25 De 63 
Dut wood sic 550 aaglepies. Seeger oo ceyen ne cee er 20 18 48 
Deemisonte: 2. Soave cao eo ec er it ee es 52 0 35 
Stateline, cence sts whe oo err ag re ete ee 134 59 93 
Carthage shai crergetes ss a hoes era ecm eae ee cae ae 16 8 24 
Boni Wire ccs ioe cee, eee te eye ak a meat ee roa eee ae ee 20 4 85 
Gainesville.(Areas] aieennt on ie ea ee ee 50 54 82 
Denison: (Area J)). gens ae se eee ee ee eee 52 0 35 
Morris Sheppardi gg ein css ots cts en ene ee ee Hi 0 11 
Ghoke: Canyonayiatcpeence waren sce sy rene ae ener nent ea HZ 5 S) 
UppersAntlerse onin men cates on apnoea eer ttc Recaro 90 85 123 
MO tall eye Maaeanstene aes eet Te eas gee eRe a ee 936 575 1, 134 
1595, Energy depletion adjustinemtsos a tr ere Oe tek —86 ss. tae 
andyusted. totaly ors vat aslo Avie ees oe Re ee eee 936 489 L134 
B. Pumped Storage: 
SNEErW OO Mees noha Noe eee me eee are na a 500 
Boktukola 324.8 ergot wise oe Ais ee Oe er ea ne ee 1, 000 
MEd a yar tics et Seas, Sieg ete etey ae ea eo na agar Co 485 
otal, Sou 4 Suis atts hee ol eee oe ee eee 1, 985 


! Dependable (End of September) from FPC pooling report on conventional and pumped storage hydroelectric resources 
dated February 1968. On projects where dependable capacity was not reported, the installed capacity was used. 

? Critical period energy from FPC pooling report on conventional and pumped storage hydroelectric resources dated 
February 1968. 

3 Average annual generation from FPC pooling report on conventional and pumped storage hydroelectric resources dated 
February 1968. 

* Run-of-river installations. 

» Conventional Hydro with Reversible Turbines. 

° Minimum year energy as listed herein has already been adjusted for hydraulic and unit efficiencies and this “depletion” 
adjustment of 15% is in addition thereto. 
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MILLIONS OF KILOWATTS 


POSSIBLE AUGUST LOADING 


Required 
Peak Energy Peak Load Factor 
(mw)  (mw-Mo.) (%) (%) 
5% 4,549 191.0 5.0 4.2 
Pumped Storage (Ex. & U.C.) 390 3015 0.4 9.1 
39 226.5 Bal We 
Pumped Storage (Proposed) 1,546 194.8 aris 12.6 
6,4 BQ Tok Gas 
Other 899 UE RESS) 5 @ TUG) 
7,384 Basa Oo "Tee 
Conv. Hydro (Proposed) 218 41.2 0.2 18.9 
7,602 bia. 8.3 8.1 
Other ges 381.8 gS 2253 
9,314 996.2 10.2 VOR. 
Conv. Hydro (Ex. & U.C.) 2,002 568.6 Ze 28.4 
11,316 1,564.8 12.4 Sots) TOTAL CAPACITY REQUIREMENT 
Other 3,903 1,436.3 4.3 36.8 15% RESERVE 
15,219 3,001.1 16. 7 19.7 GB PUMPED STORAGE (EXISTING AND UNDER CONSTRUCTION) 
WOWoleve 1,500 655.5 eS 43.7 PUMPED STORAGE (PROPOSED) 
Orne Bees pee A = ae — CONVENTIONAL HYDRO (PROPOSED) 
% 90.980 “380 SO S0577 : 08, 100.0 ; 0 76 ; m CONVENTIONAL HYDRO (EXISTING AND UNDER CONSTRUCTION ) 


TVA INTERCHANGE 


eS 17 oe eee 
====8 47/004 


4 


~ 


Ba RESSen 
EESeseee ERD ESSAD 
20° 4% 66 8~~« 4 OBO 20 40 60 @0 2040 60 80~=~«O 40 BOS:*~<C«S:C CCB 
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MILLIONS OF KILOWATTS 


POSSIBLL AUGUST LOADING 


Required 
Peak Energy Peak Load Factor 
(mw ) (mw-Ho. ) (%) (%) 
5% 9,090 381.8 
Pumped Storage 3,424 390.3 
12,514 Ti2el 
Additional Conv. dydro 1990 702 106.0 
13,216 878.1 
Other 1,627 279.8 
—— ee 
14,843 1,157.9 
Additional Conv. Hydro 1980 218 41.2 
15,061 1,199.1 
Other 4495 1,029.4 
19,556 2,228.5 
Conventional Hydro (Ex, 6U.C. ) 2,002 568.6 
21,558 Zila 
Other 9,137 3,307.6 
® 6,104. y 
T.V.A. 1,500 __655.5_ TOTAL PUMPED STORAGE (1980 AND 1990) 
32,195 6,760.2 ADDITIONAL CONVENTIONAL HYDRO BY 1990 
Other 149,616 132,143.4 


ADDITIONAL CONVENTIONAL HYDRO IN 1980 


cy CONVENTIONAL HYDRO 
(EXISTING AMD UNDER CONSTRUCTION) 


TVA INTERCHANGE 
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MILLIONS OF KILOWATTS 


TOTAL PUMPED STORAGE 


Fc CONVENTIONAL HYDRO 
(Existing, Under Construction & Proposed) 


2 PUMPING LOAD TVA INTERCHANGE 
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APPENDIX E 


FUTURE COOLING WATER NEEDS AND RESOURCES FOR THERMAL-ELECTRIC 
GENERATION IN THE SOUTH CENTRAL REGION 


By Paul E. McKee, Fort Worth Regional Office, Federal Power Commission, February 1968 


A. Scope of the Report 


This report is prepared as reference material for the Generation-Transmission Task Force in developing 
a generating capacity extension program. It summarizes the estimated future water needs of the electric 
power industry in the South Central Region and points out possible adverse effects on the public water 
supply attributable to electric power generation. It represents a collection of known factors which supply 
the base for future projections as noted herein. The preliminary data on water requirements for thermal 
electric generation as presented herein were included in the first national water assessment completed by 
the Water Resources Council. 


B. Load Projections 


For a number of years the electric power industry has experienced a remarkable annual growth rate of 
6 to 7 percent. This rapid growth has complicated the predictions of generation patterns beyond 1980 or 
1985. The Federal Power Commission’s Fort Worth Regional Office has compiled basic energy requirements 
in its region for the years 1950, 1955, 1960, and 1965, and projections for the years 1970, 1980, 1990, 2000, 
2010, and 2020. The energy projections through 1990 are those prepared in cooperation with the South 
Central Regional Advisory Committee of the National Power Survey. The estimates beyond 1990 were 
obtained by projecting a straight line utilizing the 1985 and 1990 points. The projections for the South 
Central Region, for selected years are as follows: 


Year Million kwh 
TOTS Pas BIN =P OE es ag Se a a ee 118, 641 
TIROPSYO) wa ete elle ee or ann a a a nen 442, 630 
1,9 () Seer eet ue Wen ee Se ee ee 900, 380 
PHONON) asap eager, ia iv a Ral ae rr Pl 1, 421, 000 
22 Geren tela eee s Seavey Weetet ein Le era heres See 2, 455, 400 


It is to be realized that making estimates of energy requirements as of the year 2000 and 2020 can only 
be a rough guide to be reviewed periodically as new situations develop. 


C. Water Requirements 


Water is a factor in the production of all electric power now generated. The amount of hydroelectric 
power involved, particularly after 1980, will be a very minor percent of the total energy requirement in the 
South Central Region. Likewise, it is anticipated that generation by internal combustion engines and by gas 
turbines will represent an insignificant part of the total demand. These plants consume little or no water 
but all plants, however, do require small amounts of water for station services. Thus, the future large water 
requirement pertains to steam electric generating plants. 

The principal use of water in steam electric generating plants is for condenser cooling purposes. Small 
amounts of extremely pure water are required for boiler use and larger amounts of untreated water serve for 
condenser cooling. The only consumptive use of the boiler circuit is the feedwater make-up required to 
replace water losses. Losses occur in the condenser cooling system when the condenser flows are either 
returned to the source bodies of water at higher temperatures or passed through a cooling tower. 
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The water requirement for condenser flows depends upon the type and the operating characteristics of 
the plant. At this time, large nuclear thermal electric plants require about 50% more condenser water for a 
given temperature rise than fossil-fueled thermal electric plants of equal size. It is expected that this added 
requirement will decrease to about 25% by 1980. Nuclear breeder reactors may be commercially available 
during the 1980’s. They will probably produce steam at temperatures approximating those now associated 
with fossil-fueled boilers. It is also anticipated that further improvements will be made in the efficiencies of 
fossil-fueled plants. 

Once-through cooling systems are normally more economical than other systems, and they are adopted 
where adequate supplies of cooling water are available and such use would not violate adopted water quality 
standards. Sources of water for once-through systems include flowing streams, lakes, reservoirs, off channel 
ponds, estuaries, and the ocean. Where suitable sites for ponds or reservoirs are not available and limited 
flows or temperature restrictions prevent use of available streams, some type of cooling device must be used. 
In the open cycle or “wet” systems, the cooling water is brought in direct contact with a flow of air and the 
heat is dissipated principally by evaporation. Such systems commonly use cooling towers with the flow of air 
provided by either mechanical means or natural draft. Makeup water for such systems may be obtained from 
surface or ground water sources and, in some cases, effluents from sewage treatment plants are used. Evapora- 
tive cooling towers require smaller amounts of water withdrawals but the consumptive use is substantially 
higher than for the once-through systems. Closed cycle systems using “dry” cooling towers dissipate heat to 
the air by conduction and convection rather than evaporation. Because of their high costs and their adverse 
effects on the efficiency and capability of the powerplant, such systems are not in general use. 

A projection of the water requirements for the South Central Region was based on the projected 
requirements for four major regions which embrace essentially the SCRAC area. These are: Lower Missis- 
sippi Basin, Arkansas-White-Red Basins, Texas-Gulf Basins, and Rio Grande Basin. After projecting power 
generation according to type of plant, it was necessary to estimate the type of cooling likely to be used and 
its likely source. Then, by application of water use factors, projections of water requirements were made. ‘The 
estimated actual 1965 and the projected requirements for the South Central Region are listed below: 


Millions of gallons per day 


Year 
Condenser Consumptive 
requirement use 
1965 eth, <5 pete ee ee ee 13, 000 130 
TOS OL Fern a eee in ets ene ee eee arene 49, 000 380 
|S) Wotan a air Sarr toa May ES Hons Fook ce 80, 000 635 
PAG AU ea Een oan Rinmrer ara ene is ran OEY. 121, 800 1, 000 
2O QO, KE isco ores wer ae dat animate pete eae 188, 900 1, 480 


New methods of generating power, which eliminate the conventional cycle and obviate the need for 
cooling water, are being investigated. Some of these may be developed for commercial use before 2020. 
Development and adoption of technological innovations and improvements may substantially alter future 
cooling water requirements. 


D. Water Resources 


Figure 1, attached hereto, shows the average annual runoff for streams in the South Central Region. 
Based on the 1931-1960 period of 30 years, average annual runoff varies from less than 5 inches on the 
western portion to about 20 inches on the eastern portion of the Region. Average runoff for 1954, an 
extremely dry year, is shown on Figure 2. These figures stress the geography of the region which contributes 
to possible water problems. All major west-east drainage rises in, or just outside, the western part of the 
region which is also an area of low average rainfall. During the drouth year of 1954 the western 35 percent 
of the region experienced annual runoff of less than 2 inches as compared to 18 inches and above in the 
southeast corner. A check of gauging station records in the lower reaches of major drainage in the region 
indicates runoff for 1954 of an estimated 43,000 mgd, exclusive of the Mississippi River and its eastern 
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tributaries. This estimate takes into account all upstream diversions and storage. This can generally be 
classified as surplus water, other than that necessary to maintain satisfactory flow conditions, and could have 
been diverted to useful purposes upstream. 


It is reasonable to assume that there will be no serious problem over cooling water availability in the 
Lower Mississippi Basin in the foreseeable future. The elimination of that basin from the total requirements 
would revise the estimate to the following condenser requirements (in mgd) : 1965—11,220; 1980—39,500; 
2000—94,900; and 2020—139,200. It can be seen that, even in a drouth year, available surface water can 
make a significant contribution to the total added requirements up to the year 1980. However, beyond that 
year, the estimated increase in circulatory requirements dwarfs the availability of surface water under 
adverse conditions thus requiring multiple reuse. 


An attempt was made to obtain some estimate of ground water availability for presentation on the 
attached Figure 3. Meager data on estimated yield were available for all States in the region except the State 
of Texas and have been interpreted for use on this figure. Major water bearing formations in the State of 
Texas have been delineated, but expected yields are not available. Reliable sources of information indicate 
that the potential yield of most ground water sources has declined considerably during the past 10-15 years. 


E. Thermal Pollution Problems 


As the amount of waste heat from steam electric powerplants discharged to water bodies has increased, 
concern for thermal pollution and its effects has increased. The electric power industry represents the largest 
single source of thermal discharge to our lakes and streams. There are a number of effects of thermal pollu- 
tion which are harmful to our environment but the degree of harmfulness is not fully established in all cases. 
Physical, chemical, and biological properties of water are closely related to temperature and temperature 
data are essential for planning multiple uses of water resources. Growth of taste-and-odor-producing 
bacteria in lakes and impoundments may be stimulated by warm temperatures. Dense bacterial growth can 
add to costs of water purification treatment. Not the least important of the effects of waste heat disposal is 
the reduction in the utility of the water for further cooling. 


Temperature affects the ability of water to sustain aquatic life. Oxygen is less soluble in warm water than 
in cold water, and the quantity of oxygen in solution may be further diminished as increased temperatures 
accelerate biological activity. Fish tolerance of lower oxygen levels and pollutant concentrations varies by 
species. 

Under the provisions of the Water Quality Act of 1965, all 50 States have prepared water quality 
standards for interstate streams and coastal waters and have submitted them to the Secretary of the Interior 
for approval. The temperature criteria in such standards have been approved by the Secretary for all States 
in the South Central Region except Mississippi and Kansas. For the five States in the region with approved 
temperature criteria, the general provisions, with exceptions for certain streams, allow a maximum tempera- 
ture rise of 5° F and maximum temperatures as follows: Missouri, 90°; Oklahoma, 93°; Arkansas, 95° ; 
Texas, 96°; and Louisiana, 97°. The excepted streams generally have lower permissible maximum tempera- 
tures to protect cold water fish. Missouri standards permit no temperature rise in lakes and reservoirs. ‘Texas 
standards for tidal waters permit temperature rises of 1.5° in summer and 4° in other seasons. 


The approved water quality standards may be enforced by the States. They are also subject to the 
enforcement procedures set forth in the Federal Water Pollution Control Act. Under these procedures the 
enforcement is by the Secretary of the Interior, coordinating generally with the Governors of the States. 


F. Conclusions 


The immediate and economic development of the electric power industry is important and time is of 
the essence since the industry need is becoming critical. A large portion of the South Central Region is an 
area of short water supplies for all purposes, including industrial use. Comprehensive studies leading to plans 
for adequate development of the water resources for all purposes are being made in several areas, including 
the Sabine River Basin, the White River Basin, and the Red River Basin below Denison Dam. Other plans 
envision large scale interbasin diversion of water but there is no reason to anticipate concrete results from 


this idea before 1980. 
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As the amount of waste heat from steam electric powerplants discharged to water bodies has increased, 
concern over thermal pollution and its effect has increased. This has compounded the problem of water 
supply in areas with a tendency toward water shortages. 

One aspect of the problem is to obtain the maximum possible use of our rivers and lakes for heat dissipa- 
tion. Electric utilities obviously will continue as the largest single source of thermal discharge in the foresee- 
able future. The industry has long been concerned with the effects of thermal pollution and has over the years 
accumulated considerable data and experience on thermal discharge technology. A considerable annual 
operating cost penalty, transferrable in some ratio to the customer, could result for each plant if it were 
forced either to employ artificial cooling or to locate at some distance from its intended load center for lack 
of sufficient cooling water. 

Industry and government together share a mutual obligation to work on the problem. Increasing 
responsibility for basic research on the effects of thermal discharges probably lies with the electric utility 
industry. There is still much to be learned with regard to the manner in which large and small, and tempo- 
rary and sustained changes can affect the life cycles of aquatic plants and animals and the utility for other 
uses of water bodies which assimilate cooling releases. Until much needed research is completed flexibility, 
rather than the establishment of firm thermal discharge standards, is desirable. 

Based on knowledge of available water supply, and restrictions on the use thereof, it is inevitable that 
there will be a serious problem of supply, beginning particularly in the 1980-2000 period. This problem is 
not confined to the electric power industry and requires continued cooperative study by all water using 
entities. Continued development of generating techniques oriented toward conservation of water in the 
generation of power is an obligation of the electric power industry, just as each other user has a similar 
obligation in the area of conservation. 
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ANNUAL RUNOFF IN INCHES 
1931-1960 AVERAGE 
SOUTH CENTRAL REGION 
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Major Water Bearing Formations 


in Texas (Yield not available) 


1. Ogallalla Formation 
2. Seymour Formation 

3. Trinity Sands 

4, Alluvial Deposits 

S. Edwards Limestone and 


More than 500 Trinity Sands 
6. Edwards Limestone 


Vii 50 to 500 7.  Carrizo-Wilcox Sands 


8. Catahoula-Oakville-Lagarto 


ae Less than 50 Bandss (te dyutihintsin, 
9. Goliad-Willis-Lissie Sands 
10. Beaumont Sands 
11. Alluvium 


Yield in Gallons Per Minute 


GROUND WATER RESOURCES 
SOUTH CENTRAL REGION 
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APPENDIX F 
SOUTHWEST REGIONAL GROUP RESERVE RECOMMENDATION 


By W. J. Googe, Southwestern Electric Power Company 


The Reserve Capacity Committee of the Southwest Regional Group of the Interconnected Systems 
presented a report to the Regional Group on March 14, 1968, recommending that a reserve generating 
capacity of 12% be used for the year 1968-1969. This recommendation—a copy of which is attached—was 
accepted and approved by the Regional Group. 

Table No. A-1 shows the actual maximum forced outages and emergency Class III outages (those 
emergencies that connot be delayed until the regular overhaul period) in percent of the annual peak for the 
10 year period 1958-1967. This tabulation shows the values for the three Sub-Groups as well as the Region 
as a whole. It is interesting to note that as the area or load grows larger the required reserve, in percentage of 
the total, becomes smaller. The maximum generating capacity (forced out) in percent of the total installed 
capacity for the last 10 years was: 


Sub-Group I___--------------_-+----+---=--4=-+---=<<-------------=-= 24. 719% 
Sub-Group II__._----.++-__<._- = 14. 31% 
Sub-Group II]__-++2-.2-+-+--+------225--+- 55 -==-=- <5 ---- = -5 5-5 14. 69% 
Southwest Regional Group-_-------~--------=----------------~-------- 11-58% 


During this 10 year period, the largest units in the Southwest Regional, Group increased to 550 MW. The 
larger units were not mature and had a higher forced outage rate than they should have after maturity. 
These larger units are sizable in comparison to the annual maximum hour of 14,372 MW in 1967 for the 
Region as a whole. 

It seems reasonable to believe that in the future years as the size of the larger units is increased, the 
required reserve for this size area should probably peak at 16% to 18%. This value should probably decrease 
after the unit size reaches the maximum that can be constructed and the ratio of the total capacity in the 
area to the largest size units returns to an upward trend. 


‘SOUTHWEST REGIONAL GROUP RESERVE CAPACITY COMMITTEE 


Recommendations for 1968—1969 


It is the recommendation of the Reserve Capacity Committee that the Southwest Region continue to 
use twelve percent (12%) reserve until historical data, calculated similar to that shown on Table A-1 using 
only Forced Outages and Class III Emergency Scheduled Outages, proves that this value should be changed. 
This recommendation of 12% is based on the following: 


(1) Each participating system will add this percentage reserve to its estimated yearly peak and will 
provide generating capability not smaller than the sum of the two. The variable weather condition 
over this large area should cause the sum of the estimated peaks based on hot summers to be larger 
than the sum of the actual peaks. This excess plus the excess reserve capability due to each system 
using a minimum of 12% reserve should readily provide for the short time peak and for reasonable 
errors in load forecasting. 
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(2) 


(3) 


Each participating system will provide necessary capacity, or make arrangements with their neigh- 
bors to utilize their excess reserve, so they will have the recommended 12% reserve during all over- 
haul periods and also during times they are making winter sales or exchanges. 

When any system installs large, new type, unproven units, it will supply additional reserve above 
the recommended 12% to take care of the unknown performance of such immature units; some 
systems are now using 16% reserve, until the reliability of such units is determined. 

Those systems having a large percent of their capability in the form of hydro generation may wish 
to consider less than 12% reserve based on historical data of reliability and the size of its largest unit 
in relation to their peak system load. 

Each system will review its method of forecasting its yearly peak hour and be sure that it compares 
favorably with an exponential trend line drawn through the highest peak hours that have occurred 
during the past 10 years. 

The Reserve Capacity Committee will be continued by the Southwest Regional Group, and the 
systems in this Group will continue to send to the Southwest Power Pool office the same information 
for use by the Committee as they have done in the past, unless changes are requested by the 
Committee. 
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TABLE A—1 


Maximum Forced Outages and ESO Class Ill Outages in Percent of Annual Max Hours, 1958-1967, 


inclusive 
Annual maxi- Max total MW Max MW out Max MW out— 
Year and sub-group mum MW out out coinciden- Annual Max in %ofannual Last 10 yrs in 
coincidentally — tally—tlast 10 hour Max Hr % of annual 
yrs Max Hour 
(1) (2) (3) (1-3) (2-3) 
1958 
Sub-Group.) 24) ek re 742 742 3, 003 24.71 24. 71 
Sub-Groupell yee eee ee 178 178 i, P27 10, 30 10. 30 
Sub-Group Ill. i2. os see 116 175 79 6. 52 9. 84 
SWRGA Ar mee tar ere ana: 742 742 6, 407 11758 11.98 
1959 
Sub-Group Sai. to 616 742 S445 17289 21299 
Sub-Group lle eee 272 272 1,901 14, 31 14, 31 
Sub-Group UUs. seo. ae 201 201 1, 960 10, 25 10, 25 
SWRG Byers ates 707 742 1222 O79 10, 27 
1960 
Sub-Group, 1c... tana 461 742 3, 682 12e02 20. 15 
Sub-Group Uso 2. ae 280 280 2, 038 Lo. ps tk 
Sub-Group lll esc see 220 220 2, 016 10. 91 10. 91 
SWRGW ss oe a 537 fA2 7, 661 TOL Ses) 
1961 
Sub-Groupsl ye sen aes want eaee 685 742 3,832 17. 88 19. 36 
Sub-Groupyl lassen: oan: 292 292 2155 13.59 13559 
Sub-GroupsI Ul wat, 5 2. 34s 181 220 2,230 8212 9. 87 
BWR Ger cates ora ieee 742 742 75901 Oro2 ONS 2 
1962 
Sub-Groups lees eae ie 791 791 4, 549 Wh BS 17.39 
Sub-Group lone: wo.see 306 306 2, 460 12744 Ree: 
Sub-Group al ase sk: Bea 116 220 2,395 4, 84 OUTS 
SWIRL G oss 2nc inne oben enka: 79) 791 9, 343 8. 47 8. 47 
1963 
Snb-Group lacs ne eee 835 835 5, 018 16. 63 16. 63 
SilpGromprlls « ema cote 293 306 2134 10. 72 11220 
Sub-Group Til yee eee ae 213 220 2, 700 7, 88 Sais 
SWIR Gis Sse ete, WOE. ae eae 847 847 10, 083 8. 41 8. 41 
1964 
Sub-Group bic ok eee 496 835 DN C37 8. 80 14. 81 
Sub-Group Llo5)s ja.ceau0 os 356 356 3, 064 11. 62 11. 62 
Sub-Group) Upper eee 175 220 2, 004 5. 83 Toe 
SWRG to gig nn nection aaa ae 791 847 11, 409 6. 93 TAZ 
1965 
Sub-Group leeage os sean 553 835 Dols 0700 [4ai2 
Sub-Group, Uos...450v-wer © 318 356 35 193 9. 96 Ii t5 
Sub-Group DU io case rai 209 220 202 6. 85 12k 
S VIR Gee ene a nce Se 564 847 12, 090 4, 67 41 
1966 
Sub-Group. (ya user oe one 528 835 6, 810 Toho 12226 
Sub-Group Tle ee od 297 356 3, 648 8. 14 OG 
Sub-Group LILS iar faa ae ont 339 339 3017 9, 48 9. 48 
SWRGin ols ee 889 889 13, 796 6. 44 6. 44 
1967 
Sub-Groupalar, Ga ee ae lo /6 1, 576 1; 30% 2149 21249 
Sub-Groupel Wy a.ceim iepotecrsee 224 356 3, 748 5. 98 9. 50 
Sub=Groupel leper eer oul Shs 3, 479 14, 69 14. 69 
5 VA cone tei eae 1, 585 1585 14, 372 11. 03 11. 03 
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APPENDIX G 
COST COMPARISON OF THERMAL GENERATION 


Prepared by Fort Worth Regional Office, Federal Power Commission 


The information presented in this Appendix was developed and furnished to the Task Force of General 
Patterns of Generation and Transmission by the Fort Worth Regional Office of the Federal Power Commis- 
sion. These estimates show approximate average SCRAC regional busbar generation cost, in mills per 
kilowatt hour, based on current prices, projected prices in the 1975 to 1980 period, and projected prices in 
the 1981 to 1990 period, from two-unit plants utilizing the three major fuels: 


Average SCRAC Regional Busbar Generation Cost, Mills/kwh 


Period Gas Coal Nuclear 
Gurren eee eee eee ee eo ated 4.3 5.4 6.2 
SB -SUGLELOs, 2 os ed och ck cng ee apa Pt te A 4.6 Bs By 22 
BO SIE OS Orpen wear oheqe Later et eR Mh. le 8 5.0 Do 4.5 


These generation costs are based on identical sized plants operating at the same plant factor for each type of 
fuel and do not include any costs for transmitting the energy to market. The at-market cost of generation 
from coal-fired plants might be increased a greater amount by the addition of transmission costs since a 
number may be located near the mine, while the gas-fired and nuclear-fired plants may be located near load 
centers. 

Cost of thermal generation throughout the study period will depend on a number of variables including 
the type and cost of the fuel utilized, the investment cost of the plants, and plant locations. The variation in 
generation costs due to plant locations were not projected. Fuel costs utilized were taken from the fuels 
survey conducted by the Task Force of Fossil Fuels Resources and represent regional averages of the fuel 
costs projected in the survey. Investment costs were based on current price levels and are shown to increase 
for gas and coal-fired plants in the latter part of the study period. Investment costs per kw of nuclear-fired 
plants were reduced during the study period. 

The estimates summarized in the above tabulation are shown to indicate the competitiveness of genera- 
tion throughout the study period from plants fired by the three major fuels in the SCRAC region. 
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Cost Comparison of Thermal Generation * 


Natural Gas Coal Nuclear 


Current Period 


Plant Size, Mw. ca. se. oh. Soe cee eee 1, 000 1, 000 1, 000 
Unit Size) Miwa is cre c= screens ots os ee clot ei teeter cles eee oar ee rs yeee tc ee 500 500 500 
Construction Cost,<$ ew so ssa en 2 sae outs tee ee terre ste regs 90 125 2215 
Fuel Cost, ¢/MBtus. 420),.0: 5 S8.t5 2 os cen cre en ried eae 22 25 - oo 
Fixed Charge Rate; %i.0 56 sso tere ete ee rr 14. 37 14. 37 14. 87 
Fixed Charges, S/W ect. eee cel me an pt ce Me ee ek cee 12a; Qe! 17. 96 31. 97 
Fixed Operating & Maintenance and Administrative & General, S/W cn PRA 3. 26 2. 06 
"Total $/kw this ewe be ao ayecley ae rue ne eee 15. 20 21522 34. 03 
Total Capacity, Mills/kwh @ 80%. ....--- 11 cece eee eee ee 2. 16 3.02 4, 84 
Energy Cost; Mills/ewh?. 040 os - 2e oes eee ee eet 2.18 2. 40 135 
TotaliCost, at-site, Mills/kwhi a 2200 a, eee ee one ct Sd SMe aeons 4, 34 D942 6. 19 
1975-1980 
PlantiSize, Miwa coe ci eae eka nee arene ecient 1, 500 1, 500 1, 500 
UnitSizes Miwa 35 fe eet ese Aces rete eh cr- tn peat steers 750 750 750 
Construction «Cost, [le wes co dageseocore tore od gear eto ooo eta ire Toe one ere 90 125 2170 
Fuel-Cost, ¢/MBting teat «oso. Sey ee ieee ep creme 26 25: enews 
Fixed Charge Rate,.07) gq: ge ee ee ee 14. 37 14. 37 14. 87 
Fixed ‘Charges. $/lewcm a0 0 cts ats yn ea eee 12. 93 17. 96 25. 28 
Fixed Operating & Maintenance and Administrative & General, $/kw... My. Nat at 2269 
Totalc$/kw. ie: s 86 52 90.6 Sta © 2 et ee OR Petes Om eran 15. 07 DO), Be 26. 97 
Total Capacity, Mills/ewh! @) 80% 2) )...s9 yea oe eee Zao PRESS Stele 
Energy Cost, Mills/kwh’?,. ¢..2...0.94 Soo) ae ae: leet see 2. 48 25395 1. 28 
Total’ Costat-site, Mills/k wingers ae eee entree ree 4. 63 5926 als. 
1981-1990 
Planty Sizes Mw occ. 0.5 ate ae ed shies es Es os eS ho cole ae ee ence 2, 000 2, 000 2, 000 
Unit Size Mwai en ie es see re cca Sook eee ae ete yen eh pS cca 1, 000 1, 000 ~ 1, 000 
@onstrtic tions Costa h) Wien eet cee eee et en eae eee 95 130 2140 
Fuel. Gost: ¢/MBtus.euestere) Nit d Oe ier eerste a 30 25 0.) eae see, SOURS. 
Fixed. Charge-Riate,.[% 4, sass. herorota.chaes ter ee peak ie teeaee 14, 37 14, 37 14, 87 
FixedsGharges; S/W eas syst air ncn enais Eines nce seo ae 13. 65 18. 68 20. 82 
Fixed Operating & Maintenance and Administrative & General, $/kw.... D2, Dik 2529 1, 50 
Totals Bi W ie ce oo gar re cree eae aA aa Ser oO re Tee rage 15. 86 20. 97 DDD, BY 
Total Capacity; Mills/kwh @ 8076.92 00-2 st es ere 2726 299 3. 18 
Energy. Cost; Mills/kwin? iy... hives coe ena de ene a chee eee 2aho QF 27 Peed 
Motaly Costsat-sites Mulls/kwihie aera bale ane eee ee 5. O1 5. 26 4,45 


1 The information presented herein was developed and furnished to the Task Force on General Patterns of Generation 
and Transmission by the Fort Worth Regional Office of the Federal Power Commission. 

2 Construction cost includes initial fuel investment. 

3 Includes variable Operating & Maintenance. 
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PREFACE 


This report for the West Central Region of the 
United States carries forward the analyses and long- 
range projections for future power development 
from the Federal Power Commission’s first National 
Power Survey published in 1964. 

The rapid pace of electric power development 
and changing technology made. it desirable to up- 
date the National Power Survey periodically to 
reflect the new trends, statistics and opportunities. 
Consequently, a West Central Regional Advisory 
Committee to the FPC and five similar Advisory 
Committees for other regions were established in 
1965 to help carry on this activity. The revised FPC 
order, dated January 10, 1966, establishing these 
Regional Advisory Committees says in part: 

Purpose —The Regional Advisory Committees 
will assist the Commission and the Executive Ad- 
visory Committee in its work with and for the Com- 
mission and specifically in encouraging the utility 
systems in each region to pursue courses of action 
consistent with the broad goals of the National 
Power Survey, in reporting the progress being made 
in attaining those goals, and in up-dating the guide- 

lines of the Survey. The Committees will facilitate 
that exploration of all practicable opportunities for 
more efficient and reliable development and oper- 
ation of power systems in each region. Meetings 
of the Committees will constitute forums for the 
exchange of ideas and for fostering better com- 
munication and understanding among all segments 
of the utility industry in the region. All systems of 
every segment of the industry would be encouraged 
to support the analyses through expressions of their 
needs and desires. The Committees will be consulta- 
tive only, and they will operate within the limits 
established by the Commission, recognizing the ap- 
propriate corporate and public responsibilities of 
utility systems, and will function in keeping with 
the position of the Commission enunciated on many 
occasions that the National Power Survey is not 
intended as a blue print or as a means of compelling 
the construction of particular facilities. 
Materials for this report from the West Central 


Regional Advisory Committee were prepared by 
four Regional Task Forces on: 


1. Load and Energy Projections 

2. Inventory of Fossil Fuel Resources 

3. General Patterns of Generation and Trans- 

mission 
4. Coordinated Planning and Development 
The West Central Regional Advisory Committee 

believes that the report provides valuable guidelines 
for consideration in charting the course of future 
power development in the West Central Region. 
The Committee expresses its appreciation to all 
of those who participated in the development and 
preparation of this report. 
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SUMMARY 


The West Central Region comprises about one- 
fifth of the conterminous United States and in- 
cludes about 14% of the population. The region 
is outlined on the map, Figure 1, below. 

The region extends from Lake Michigan and 
the Illinois-Indiana state line on the east to an 
irregular line through eastern Montana, Wyoming 
and western Nebraska. In the north-south direction, 
the area extends from the Canadian border to an 
irregular mid-continent line including most of 
Nebraska, northern Missouri and all of Illinois. 
The West Central Region corresponds to FPC 
power supply areas 13, 14, 15, 16, 17 (excluding 
the Kansas City area), 26, 27, 28, and 40. 

The principal load centers are located in the 
eastern half of the region, and are concentrated in 
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the metropolitan areas of Chicago, Milwaukee, 
Minneapolis-St. Paul, Omaha, Des Moines, Quad 
Cities and St. Louis. The western portion of the 
region is an area of low population density and 
corresponding low load requirements with few 
major load centers. 

The non-coincident peak load for 1965 in the 
West Central Region was 24,290 megawatts and 
the projections are 35,930 megawatts for 1970, 
70,610 megawatts for 1980, and 131,680 megawatts 
for 1990 as detailed in the following tabulation. 
This indicates a load in 1990 of about five and one- 
half times the 1965 load compared to an antici- 
pated population growth of 40 percent. The total 
energy used per person is expected to increase from 
4,800 kwhr in 1965 to 18,500 kwhr in 1990. 
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Figure 2.—Load Growth in the West Central Region 


[Megawatts] 
PSA Area 1965 i970 1980 1990 
| es er in a We Rae re poe crac f 3, 344(W) 4, 660(W) 8, 510(S) 15, 290(S) 
Cee ee A ee a ieecn Ee Moo clo oo ok 60.0 x 6, 733(S) 10, 070(S) 19, 810(S) 37, 020(S) 
Ls Pe Oe eee Pree toe are rere 2, 943(S) 4, 530(S) 9, 720(S) 18, 770(S) 
VGsehiteserc s eee © Bi tg rere Pee Ren ae 2, 984(W) 4, 280(S) 9, 210(S) 18, 350(S) 
Ih pee AEE AINE A A. Ld ie pei serh cheetahs orca Her 2, 471(S) 3, 730(S) 7, 160(S) 13, 120(S) 
1 Le MIR ae a RAL aA RIA SS GR ra 5 649(W) 960(W) 1, 820(W) 3, 390(W) 
DT he. tea Sparse ba eee RST OTL Ce ey eee 627(W) 910(W) 1, 900(W) 3, 680(W) 
CR ome Tae Me HIE Oey, Oo ori ec Oe One 1, 444(S) 2, 220(S) 4, 390(S) 8, 070(S) 
40-(Excl EE Inc) sxc Acye « 0 cog ee 2, 529(S) 3, 835(S) 7, 355(S) 13, 255(S) 
40’ (REIhc Only ) gcc cceoure's opr o eerusata esac ea ors 566(W ) 735(W) 735(S) 735(S) 
al oe et eo en SD a SS eee 
Total (Noncoincidental).............--- 24, 290 35, 930 70, 610 131, 680 
Total (Noncoincidental summer season).. 23, 920 34, 830 69, 780 130, 240 


Note: (S) Denotes summer peak. 
(W) Denotes winter peak. 


The task force based these load projections on 
a pooling of the independent judgments of the 
utilities in the region. This current forecast for 
the region as a whole is higher than that appear- 
ing in the 1964 National Power Survey. As an 
example, the 1980 forecast of 70,610 mw compares 
with the previous forecast of 61,050 mw, an in- 
crease of about 15%. The principal reason for this 
increase is the continued rapid growth in the 
economy and growth in utility sales and peak loads 
during the period subsequent to the 1964 National 
Power Survey effort. 

Substantial fossil fuel resources are located 
within the region, with approximately 370 billion 
tons of recoverable coal reserves believed to exist. 
Additionally, a recent report indicated additional 
reserves could amount to 225 billion tons of recover- 
able coal reserves in unmapped and unexplored 
areas. Although the bituminous coal resources have 
made a considerable contribution to the supply of 
electric energy to date, the sub-bituminous coal 
supply in Montana and Wyoming and the lignite 
coal reserves in the Dakotas and Montana are re- 
ceiving new attention with the advent of unit-train 
transportation and improved burning technology. 
As a matter of interest, one county in North 
Dakota contains 71 billion tons of lignite coal. 
This is the largest tonnage for coal bearing counties 
in the nation. 

The natural gas reserves in the region comprise 
less than 1% of the total reserves in the United 


States. The crude oil and natural gas liquid re- 
serves approximate 2% of the total liquid hydro 
carbon reserves in the United States. 

The fossil fuel survey indicated that the average 
price of coal f.o.b. mine has increased about 10% 
for coal obtained from Illinois, the highest produc- 
ing coal area in the region, during the period 1961- 
1966. Rail transportation has predominated in the 
movement of coal in this region, and within recent 
years the cost of coal transported by rail has been 
reduced substantially on selected movements of 
coal shipped by unit train. During 1966 about 22% 
of coal for the region was shipped by unit train, 
27% by rail-barge, and 11% by rail-lake. 

Large investor-owned utilities are the principal 
suppliers of electric energy to the major metro- 
politan centers in the eastern portion of the region. 
Rural electric cooperatives are well established 
throughout the entire region and the generation- 
transmission type (G & T) cooperatives are func- 
tioning in Iowa, Minnesota, North Dakota, South 
Dakota and Wisconsin. Public agencies are the 
principal suppliers of electric energy in Nebraska. 
The largest numbers of municipal systems in the 
region are found in PSA 17 (188), PSA 28 (138), 
and PSA 16 (110). 

In the West Central Region there are 85 investor- 
owned systems, 261 cooperatives, two Federally- 
owned systems, and 701 publicly owned sys- 
tems, comprised mainly of municipal systems and 
public power districts. Investor-owned companies 
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serve 83.8 percent of the energy requirements in the 
region, the cooperatives 2.6 percent and the public 
agencies (other than Federal) 6.9 percent. The 
Federal Government generates 6.7 percent of the 
electric energy in the region, its output being sold 
principally to municipalities, public power districts 
and cooperatives. In 1965 about 38 percent of all 
the power generated by G & T cooperatives in the 
United States was produced in the West Central 
Region with cooperatives in PSA 16 alone account- 
ing for about one-half of this amount. 

The five largest of the 85 investor-owned electric 
systems supply nearly 60 percent of the electric 
loads in the region. Commonwealth Edison Com- 
pany of Chicago alone accounts for about 27 per- 
cent and Union Electric Company of St. Louis 
for about 11 percent of the regional load. The larg- 
est municipal system in the region is Springfield, 
Illinois, which had a peak load in 1967 of 170 
megawatts or about one-half percent of the total 
regional load. 

Public power districts are the principal suppliers 
of electric power in Nebraska. Many towns in the 
state are served by municipal systems. Some of the 
municipalities provide their own generation but 
most obtain their power from public power districts 
which carry out the principal generation and trans- 
mission functions in the state. Public power districts 
and cooperatives in Nebraska are also the principal 
agencies for the distribution of power. There are 
no investor-owned utilities providing electric service 
in Nebraska. 

The Bureau of Reclamation is the marketing 
agency for hydroelectric power from Federal proj- 
ects located in the Missouri River Basin. The power 
is marketed largely to customers having preference 
under Federal Law, i.e., municipal systems, public 
power districts and cooperatives, over a transmis- 
sion network which generally has a voltage of 230 
kilovolts. Numerous wheeling arrangements have 
been made by the Bureau with utilities in the area 
for delivery of power to such preference customers. 

There is a total of 1,049 electric systems serving 
the region. With the exception of 71 isolated systems 
comprising .57% of the total service, all the systems 
are interconnected and operate in parallel with the 
vast majority of electric utilities in the United States. 
By 1970, the interconnecting transmission system 
will be overlaid with a 345 kv transmission system 
in the eastern half of the region and an overlaying 
EHV system in the western half will have been 


begun. The pattern of transmission development 
anticipates that the 345 kv system in the eastern 
half will be substantially augmented during the 
1970-1980 period and a 765 kv system will have 
been started. In the western half of the region the 
transition to a 500 kv system will be initiated. By 
1990, several east to west 765 kv transmission lines 
are anticipated with their extension through western 
Minnesota, the Dakotas and the state of Nebraska 
at 500 kv to interconnect with the western systems. 

Consideration of probable increasing fossil fuel 
costs, increasing concern for air pollution, fossil 
fuel transportation difficulties, and the anticipation 
of relative decreasing nuclear fuel costs with the 
development of fast breeder reactors have resulted 
in a considerable emphasis on nuclear generating 
plants. Although about 90% of the electric energy 
produced in the region is presently supplied by 
fossil-fuel generation, by 1990 nuclear generating 
capacity is anticipated to comprise 57% of the re- 
gion’s capacity. Nuclear generation is expected to 
supply nearly 70% of the region’s energy require- 
ments by that time. While the quantity of coal 
burned annually is indicated to increase from 51 
million tons in 1966 to 69 million tons in 1975, 
the regional use of coal apparently will remain rel- 
atively constant at about 65 million tons for the 
remainder of the study period. 

Generating capacity of 79,832 megawatts is pro- 
jected by 1980 to supply a non-coincident summer 
peak of 69,780 mw with a reserve of 15.6%. By 
1990, generating capacity of 151,041 megawatts is 
projected to cover a non-coincident summer peak 
of 130,240 megawatts reflecting a reserve of 16.6%. 
An importation of 800 mw of hydro power from 
Canada is included in each of these reserve calcu- 
lations. Additional reserve of an undetermined 
amount exists because of the diversity of load be- 
tween utilities within the season. About half of the 
1990 capacity is shown to be in units of 800 mega- 
watts or larger. Generator unit size up to 2000 
megawatts and total plant size up to 4000 megawatts 
are included. 

There are six power pools within the region and 
three major regional coordinating groups. These 
organizations permit the coordination of planning 
of transmission and generation and the coordination 
of operating these facilities. Such coordination is 
made possible through the direct work of committees 
and task forces comprised of representatives of indi- 
vidual utilities on the pool level, and of representa- 
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tives of pools and areas on the regional level. Two 
offices have been established to provide coordina- 
tion of hour-to-hour and day-to-day operations. 
Additionally, liaison established with contiguous 
regions provides continuity in the development of 
interconnections at the boundaries of these organi- 
zations and in the operating of mutually-affected 


facilities. As further coordination develops in in- 
creasing depth, it is anticipated that a single re- 
gional coordinating organization will evolve with 
the major planning and operating responsibilities 
being carried on by five area-wide groups. The 
interworking between these five groups then will be 
coordinated within the one principal organization. 
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CHAPTER | 
LOAD AND ENERGY PROJECTIONS — 


Characteristics of the Region 
Demographic 


The West Central Region encompasses the states 
of Illinois, Iowa, Minnesota, North Dakota and 
Wisconsin in their entirety; substantial portions of 
Missouri, Nebraska and South Dakota; the upper 
Peninsula of Michigan; and small sections of 
Montana and Wyoming. (See Figure A-1). The 
region includes heavily concentrated commercial 
and industrial activity within or near such large 
metropolitan areas as Chicago, St. Louis, Milwau- 
kee and Minneapolis-St. Paul. It includes such rich 
agricultural areas as the Illinois and Iowa cornbelt, 
the wheatland areas of Minnesota, Nebraska and 
the Dakotas, and the dairyland of Wisconsin. The 
region contains rich mineral deposits such as the 
iron ore areas of Minnesota and the Michigan up- 
per peninsula, the coal areas of Illinois, and the 
lignite fields of the Dakotas, Montana and 
Wyoming. 

‘The region is divided into nine power survey 
areas (PSA’s) with each area possessing social, eco- 
nomic, geographic and climatic characteristics di- 
rectly influencing future power requirements. PSA’s 
13, 14, 15, 16, 17 and 40 are located in the more 
populated eastern half of the region whereas PSA’s 
26, 27 and 28 are located in the sparsely populated 
western half of the region. PSA 17 (WCR) in- 
cludes only the Iowa portion of 17 (F) and excludes 
the Kansas City area from the West Central 
Region. 

Based on the 1960 Census, the region serves about 
14 percent of the population of the contiguous 
United States. In 1960 this region utilized 11 per- 
cent of the total electric energy generated in the 
contiguous U.S. Population in the region is ex- 
pected to expand by 42 percent between 1965 and 
1990 for an annual growth rate of 1.4 percent. The 
number of residential customers should closely 
parallel population growth, probably at a slightly 


higher rate due to an apparent trend toward smaller 
families. 

It should be noted the boundaries of certain PSA’s 
are not clearly defined for electric utilization or gen- 
eration purposes. This is especially true in, for ex- 
ample, PSA 27. A major utility in this area also 
markets in several other PSA’s. With greater use of 
high voltage transmission it is becoming more fre- 
quent for generating facilities furnishing load in one 
area to be located in another PSA closer to the 
fuel supply. Also, because of high voltage trans- 
mission greater amounts of energy are flowing in 
energy transactions among utilities both within and 
without a given PSA. 

This problem shows up in PSA 27 in the table 
on classified energy sales, specifically on losses. The 
losses are based on all energy flowing in and through 
the area while the net energy figure is the sum of 
the losses plus all energy sales in the geographic area. 
Since PSA 27 is expected to be a large energy ex- 
porter, losses rise to a disproportionately large per- 
centage of net energy. 


Power Requirements 


The energy requirements of the area represent the 
sum of the sales plus losses expected for each indi- 
vidual utility in the area. Similarly, peak demands 
represent the sum of the non-coincident summer or 
winter demands of each individual utility in the 
area. In the first case, except for minor data con- 
sistency problems, this is a meaningful statistic. 
However, in the case of peak demands it must be 
noted that such computed totals may be substan- 
tially different from the coincident demand which 
might be recorded in the total area or region. 

The difference between the sums reported and 
actual peak coincident demand represents diversity 
among loads for each of the reporting utilities. That 
is, the summer peak might occur in July for utility 
A and in August for utility B. The sum of these 
reported peaks will be larger, and possibly substan- 
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tially larger, than the peak demand reached at 
the same time for both utilities A and B. It should be 
noted that the actual coincident peak may be at a 
different time and even different day than that of 
the peak demand for either of the individual 
utilities. 

The sums of non-coincident peak demands, how- 
ever, do indicate the general rate of growth to be 
expected in peak loads as well as the probable 
timing of the change between winter and summer 
peaks. The load factors, based on such peaks, are 
also meaningful in that it is expected that the 
amount of diversity among utilities will probably 
neither increase nor decrease a great deal over the 
period of the study. 

Power requirements for the West Central Region 
in 1965 amounted to 126.8 billion kilowatthours 
with an associated peak demand of 24.3 million 
kilowatts, This resulted in a load factor of 59.6 per- 
cent. For 1990 the power requirements are estimated 
at 698.3 billion kilowatthours and 131.7 million kilo- 
watts. This would result in a load factor of 60.5 
percent. However, during the interim load factors 
are expected to decrease slightly before returning 
to 1965 levels around 1980. 

The annual growth rate of energy for the 
projected periods is just over 7 percent. This 
matches the growth rate estimated for the contigu- 
ous United States over the same period. However, 
Figure A-—2 shows the utilities in the region are 
projecting a decreasing growth rate, starting at 
nearly 8 percent annually and declining to about 
6! percent by the decade of the 1980’s. 

This growth in energy sales reflects the growing 
population of the region and its increasing demand 
for electricity. Table A-8 shows total energy used 
per person going from nearly 4,800 kwh in 1965 to 
almost 18,500 kwh by 1990. The same table shows 
this increase to be both in residential use and in 
commercial and industrial use. Average kwh resi- 
dential use per customer is expected to increase by 
a factor of more than four. Commercial and indus- 
trial kwh use per capita is expected to increase by 
a factor of nearly four. 

These forecasts envision a substantial increase in 
the use of electricity with devices presently known; 
for example, growing use of air conditioning, more 
intensive lighting, greater use of electric arc fur- 
naces in the steel industry, etc. They also envision 
electricity continuing to make inroads in the markets 
of competitive fuels. The major such example is in 
electric heating but also extends to other uses such 


as cooking, process heating, etc. Finally these fore- 
casts envision the continuing development of elec- 
tric energy utilizing devices, some even today un- 
dreamed of, which meet consumer’s desires for 
convenience. One major such potential device is the 
electric car. 


The declining load factor for the next few years 
shown in Table A—10 is due to the rapid rise in sum- 
mer peak loads. This is caused by the sharp increase 
in the acceptance of air conditioning as well as 
the intensive use of pumping energy for irrigation 
in some of the more rural PSA’s. Also the decrease 
in the high load factor sales to AEC from Electric 
Energy, Inc. affects this figure. 

In 1960, only four of the PSA’s had summer 
peaks higher than winter peaks. Only two of these 
four had peaks which were substantially different. 
By 1965, five PSA’s were summer peaking, all by 
fair margins. By 1980 and 1990 all but two PSA’s 


are expected to be summer peaking. 


Classified Sales 


Energy sales are classified by type of use and 
broadly defined as farming, irrigation, residential, 
industrial, commercial, street lighting and electric 
transportation. These classifications must be viewed 
with caution. One utility, principally because of its 
rate structures, may not report customers in the 
same classification as would another utility. For 
example: many farm customers are not segregated 
from residential, much irrigation load is not sep- 
arately metered, some apartment customers are 
master metered and hence fall under the commer- 
cial class, and some utilities do not distinguish be- 
tween commercial and industrial customers. With 
these limitations in mind, certain characteristics of 
the region can be discussed. 

The largest share of the total regional energy in 
1965 was industrial with 38 percent, followed by 
23 percent for residential and 17 percent for com- 
mercial. By 1990 it is expected these three loads 
as a group will require approximately the same 
share of the regional energy despite a decline in the 
industrial share. Residential requirements are ex- 
pected to increase from 23 percent of the total 
energy in 1965 to 27 percent in 1990. The com- 
mercial share is expected to increase slightly from 
17 percent to 18 percent during the same period. 
The industrial share is projected to decrease from 
over 38 percent to less than 36 percent. Losses 
for the entire region are expected to decline from 
over 9 percent to less than 8 percent. This is in 
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face of expected increases in inter-area and intra- 
area transmission of energy. The decrease in losses 
comes from the more than offsetting increases in 
voltage levels of transmission facilities. The regional 
energy required per capita will increase at an an- 
nual rate of 5.6 percent, while the commercial and 
industrial per capita use will increase at a rate of 
5.4 percent for the period forecast. 


Forecasting Methodology 


The Task Force considered several different 
alternatives to forecast the energy and loads for 
the Region. Rather than making its own analyses 
of probable trends, it decided to pool the independ- 
ent judgments of the utilities in the Region. 

A survey was prepared in September of 1966 
and sent to all utilities with 1965 energy sales over 
150,000 Mwh. Some of the individual utility fore- 
casts appeared quite optimistic while others were 
quite conservative. The composite tended to bal- 
ance the extremes and fairly express the best judg- 
ment of the group. This data was used as the basis 
of extending through 1990 the PSA energy and 
load as accumulated by the FPC regional office. 
These data are shown in Tables A—1 to A-6. 

Energy projections were tested with population 
projections of the Bureau of Census. The energy 
and load data were also tested for consistency by 
checking load factors. These data are shown in 
Tables A—7 to A-10. 

Certain unusual patterns in growth were segre- 
gated from the energy and load patterns of indi- 
vidual PSA’s and forecast separately. These are 
discussed in greater detail in a following section. 

Tables showing energy projections for classes 
of service were derived by allocating the total fore- 
cast for each PSA. Historically total energy series 


have grown with a great degree of regularity. While 
the Task Force views the total forecast with a cer- 
tain degree of confidence, the patterns of growth in 
individual classes may be in substantial error. The 
ebb and flow in technological development of 
energy utilizing devices with application for each 
class have been reflected in the greater irregularity 
of energy growth by classes of service. 

It should be noted that these forecasts represent 
the composite thinking of the major utilities in the 
region in late 1967. Changes in individual utility 
forecasts were incorporated until early 1968 al- 
though no systematic resurvey of all systems was 
made. At this point the projections were given to 
the various task forces in the region for their work. 

Several utilities have indicated changes in their 
forecasts since that time. These changes have not 
been reflected as an expedient to completing the 
Region’s reports. It is felt that no reported change 
was of such magnitude as to invalidate the con- 
clusions of either this Task Force or others who 
have used them as a basis of their conculsions. 


Comparison of Current Forecast to 1964 
National Power Survey Forecast 


The current forecast for the Region as a whole 
and for each PSA is substantially higher than those 
in the 1964 National Power Survey except for PSA 
40. In the latter case the 1964 National Power Sur- 
vey did not separate the load and energy projections 
of Electric Energy, Inc. from the remainder of PSA 
40. Were this possible, it is probable PSA 40 would 
reflect the same relationship as the other PSA’s. 
Comparisons of Task Force estimates with the 
original NPS forecasts can be seen in the following 
tables: 
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Peak 1 Forecast (In Megawatts) 


a ee 


1965 1970 1980 
PSA NPS NPS Task NPS Task 
(est. ) Actual (est. ) Force (est. ) Force 
(est. ) (est. ) 
ee ee ee en ors Ga Pena e omlea pros oyu 3, 500 2) 3, 344 4, 800 2 4, 660 8, 700 8, 510 
DAN pe eke ce ke Ser ocbecelccdes OORT nena a ere as em ea 6, 500 G, 18S 8, 700 10, 070 15, 300 19, 810 
Le a ee ee Ee eee ee ean 2, 600 2, 943 3, 700 4, 530 6, 800 9, 720 
163 Rae Re Lk eee 3, 300 2 2, 984 4, 600 4, 280 9, 200 9, 210 
V7EGCW GR) axils Sey Bob. eetenes Re eee eee 3 2, 450 2,471 3 3, 400 3, 730 3 6, 200 7, 160 
LR te Pe ee AR MENG rer ee ONE on 680 2 649 930 2 960 710 2 1, 820 
OT or heen aes ee arty ee ee 650 2 627 900 2910 1, 630 2 1, 900 
i) eek sae, at eNO ea NTT ne ates NESE LA 1, 420 1, 444 2, 000 27220 3, 610 4, 390 
40 (inels BEInce\ege. see a ete ee ee 3, 300 3, 095 4, 500 4, 570 7, 900 8, 090 
Total. Regioriy.iz aterm) tareoh: oa teriens 24, 400 24, 290 332930 35, 930 61, 050 70, 610 
1 Non-coincident sum of individual peaks. 
2 Winter peak. 
3 Adjusted to exclude (17F) except Iowa. 
Energy Forecast 
[In millions of kwh] 
1965 1970 1980 
PSA NPS NPS Task NPS Task 
(est. ) Actual (est. ) Force (est. ) Force 
(est. ) (est. ) 
|e soto Wit iirc presencia A Abeer nf treme rue er 18, 400 18, 881 25, 200 27, 400 45, 700 50, 500 
LAE ee eer ik ee te Th SAE oe eee 2 33, 900 S052 5 45, 800 52, 300 80, 800 105, 000 
ot SN SEE ROR ORe! eee ines eee earns eon B 13, 500 13, 800 18, 900 20, 400 35, 300 43, 800 
TG cies Crane eae rate cee ak eo 15, 900 13; 902 22, 400 23, 800 44, 100 52, 800 
LP CVNIGIRS) ak ich cos tract a DearS cece nie vena 112, 400 12, 604 117, 400 19, 600 32, (00 38, 100 
DOL Wy asin Betcha cat x Attn ed arg LA nC 2, 900 27987 4, 000 4, 300 8, 100 8, 400 
DIN Ele? sn eeteelt < jateeth tS Feet. Sem 3, 300 3,471 4, 600 4, 800 8, 400 9, 500 
Re a ce oe ee Sen aR eRe eae Fe & Bhoep ic 5, 900 Sy, SH 8, 600 9, 100 17, 000 18, 100 
Ze 6 ga Ca Wl or oP coey Jaa ie ba sas aaa ete ae. 20, 300 18, 249 26, 400 22, 200 45, 500 44, 300 
TotaliRecioni. $ts.t as ee ee eee 126, 500 126, 836 173, 300 183, 900 317, 600 


370, 500 


1 Adjusted to exclude (17F) except Iowa. 


The principal reason for these differences has 
been the continued rapid growth in the economy 
and subsequent growth in utility energy sales and 
peak loads. In 1963 (the period during which the 
earlier forecasts were being made) the industry 
foresaw a decrease in rate of growth. This decrease 
in growth rate has not taken place in the last five 
years. 

Long range forecasts of electric energy require- 


ments have fallen short of actual experience in many 
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cases. This has been usually due either to the fore- 
caster’s uncertainty of continuing rapid expansion 
of the economy or to his uncertainty of new devel- 
opments. Some of the chief reasons for the rise in 
popularity of electric energy beyond previous ex- 
pectations are: growth in commercial and industrial 
applications of electric energy; rapid growth in 
population and household formations accompanied 
by an increase in real income per household; ex- 


tension of electric service to the rural areas of the 
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semen 


nation; decrease in per unit cost of electricity; and 
the rapid acceptance of air conditioning, and re- 
cently of electric space heating. 

This Task Force is reflecting a decrease in rate 
of growth as indicated by the survey of individual 
utility forecasts. In the majority of cases and for the 
Region as a whole, the rate of growth remains 
higher than those forecast in the 1964 National 
Power Survey. 

These projections by the Task Force envision con- 
tinuing developments of other electrical applica- 
tions, perhaps even unknown today, which will 
satisfy consumer desires for convenience and econ- 
omy. However, the present growth rate of resi- 


dential air conditioning will decline as it approaches 
high saturation levels during the 1970's and 1980's. 
Similarly, the growth rate of electric heating, both 
residential and commercial, will moderate as its 
saturation level increases during the 1980’s. Even 
with this moderation in rate of growth the projec- 
tions show per capita use of electricity will nearly 
quadruple between 1965 and 1990. 

In contrast, total energy from all sources is pro- 
jected to less than triple during this period of time. 
It appears reasonable to assume that as electric 
energy increases its share of the total energy mar- 
ket, the growth rate of electric energy in its newly 
enlarged energy market will tend to decline slightly. 


% Annual Rate of Growth—Energy Forecast 


Estimated 
PSA 1965-1970 1970-1980 1980-1990 
NPS Task NPS Task NPS Task 
Force Force Force 
PE te rsyroks. coarbh sdencko.shaateote bne-acauetonallanss « 6.5 Tod Gall 6. 3 N/A 6. 1 
A REE ee Baia and « 6.2 8.2 5B Eo N/A 6. 4 
NED IMI ST m0 or cllotcsies 50 Sich ae aoe ausig aides ww 7.0 8. 1 6. 4 7.9 N/A 6.9 
GIO ene ee ee nc ee oe Ee oes Hed 8.8 70 8.3 N/A Teel 
Mer Ramp tach sr s5 04 Rew dso edwo dt 7.0 9, 2 6.5 6.9 N/A 7.0 
BB ooo 0.4 6 SOb oD Oe CIS eee ae ee 6. 6 Whe Wad 6.9 N/A 6.7 
BH so.55 6 6S Ope Oe 6.9 6. 7 6. 2 Hel N/A 6.8 
OME ee he edhe ee ks eh de wes 58 8. 8 Tell Heal N/A Os & 
PUI CSNY Oy Ice) SO 5.4 4.0 5.6 7a2 N/A 6. 1 
Sines BALERS CORO Ae we crisis te, os) shale ig ole beac 6.5 Lave 6. 2 ie N/A 6.5 
% Annual Rate of Growth—Peak Load Forecast 
Estimated 
PSA 1965-1970 1970-1980 1980-1990 
NPS Task NPS Task NPS Task 
Force Force Force 
IBoare on cle & Clee OS SRRSNs aR eae nace ee anne nea a 6.5 6.9 6. 1 6. 2 N/A 6. 0 
Oe wn oo See SRS ME eRe © 225 ee ena 6. O 8.4 5,8 7.0 N/A 6. 4 
3...) SRE at ee, ee Te 9.0 6.3 7.9 N/A 6.8 
GPE 6s SE a Ee Pale a a daws 6.9 deo Us B 8. 0 N/A 7a Sl 
A (ONC Nae 5 cxtacs snd ORO Cee SCR ae a 6.8 8.6 6. 2 Gau7, N/A 6. 2 
RE . os 5.0.0 060 ee ee ee 6. 5 Bi I 6.3 6. 6 N/A 6. 4 
oo... 8 EE ee onan nee 6.7 iBT) 6.1 7.6 N/A 6.8 
SE EW Re Sai sug chia verde isnt 4 asciaeess 7 Il 9.0 6. 1 al N/A 6.3 
PPC EE ICI. Fes ic oe asic bone 29 Se a ss vos 6. 4 8. 1 hoya) 5.9 N/A 5a 
ORAL PINE RIOD crerets cea Snag oo nae sey 6. 6 8. 1 6. 2 7.0 N/A 6. 4 


II-2-5 


Nature of Projection by PSA 


PSA 13.—Projections are based on estimates of 
utilities serving about 85% of the total area energy 
requirements. Summer peaks were expected to ex- 
ceed winter peaks after 1975 resulting in a continu- 
ally higher load factor through 1990 as shown in 
Table A-10. Utilities in the area now believe that 
summer peaks may exceed winter peaks at an earlier 
date. The Task Force projections are higher than 
the NPS due to unusual load growth in the area, 
particularly in the taconite mining industry. 

PSA 14.—Estimated growth rates of utilities 
serving about 90% of the total PSA energy were 
applied to actual total area energy and load data 
to project future trends. Energy growth rates are 
expected to be about 8.2% annually through 1970 
and to decrease for the next fifteen years back to 
6.4% annually by 1985. Summer peak loads are also 
expected to follow the same pattern; however, 
greater space heating demand will cause winter 
peaks to rise at an increasing rate through 1985. 

PSA 15.—Projections are based on estimates of 
utilities accounting for about 90% of total energy. 
It is expected that the growth rate for summer 
peaks will exceed that for winter peaks for some 
time, but that in the long run the growth rate for 
winter peaks may become dominant. 

PSA 16.—Projections are based on forecasts of 
utilities serving approximately 75% of the energy 
in the area. The annual peak is expected to shift 
from winter to summer by 1970 and it is anticipated 
that the peak load will experience a high rate of 
growth through 1980 after which the rate of growth 
will decline. The energy projection exhibits a vari- 
ation in rate of growth which reflects a forecast for 
a very large increase in taconite mining load. Load 
factors are expected to increase somewhat in later 
years as use of electric space heating increases. 

PSA 17 (WCR).—Almost 70% of the total is 
based on utility projections. As noted in the fore- 
going tables, the totals are proportionally adjusted 
to exclude. (17F) except Iowa. 

PSA 26.—Forecasts were obtained from utilities 
serving only approximately 60% of the energy in 
the area. The remaining energy was treated on the 
basis of projecting one-half at a rate of growth 
consistent with that of U.S. Bureau of Reclamation 
customers and the other half at the rate projected 
for the utilities in the area. The annual peak load 
is expected to occur in the winter throughout the 


forecast period. The area has experienced a very 
high rate of growth in recent years, especially in 
peak demand. This rate is expected to subside after 
1970 and the declining load factor related to the 
high growth period is expected to recover somewhat 
in the later years. 

PSA 27.—An estimated two-thirds of the total 
area energy is supplied by the U.S. Bureau of 
Reclamation and Basin Electric Power Cooperative. 
The remainder is served by three other utilities. The 
USBR-Basin Electric energy portion is forecasted 
to increase at a faster rate than the composite 
growth rate of the portion supplied by the utilities. 

PSA 28.—Projected growth rates were based on 
a pooling of estimates by Nebraska Public Power 
System and Omaha Public Power District serving 
virtually the entire area. Increasing load growth is 
anticipated due to industrial and agricultural ex- 
pansion in the area because of excellent labor and 
water resources, and the development of power and 
fuel resources in the Missouri River Basin. 

PSA 40 (Excl. EEInc.).—Projected growth rates 
were based on estimated growth of utilities serving 
about 94% of the energy for the total area. Utili- 
ties in the area currently believe that load and 
energy requirements will be higher than their pro- 
jections made over a year ago, particularly for the 
1975-1990 period. However, a revision was not re- 
flected in order to preserve consistency with the 
projections of other areas within the region. 

PSA 40 (EEInc. only).—The Electric Energy 
Inc. load and energy projections were separated 
from the projections of the PSA 40 utilities so as 
not to distort future growth patterns of this area. 
EEInc. projections were based on data supplied by 
the Atomic Energy Commission. 
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TABLE A-1 


West Central Region—Summary of Energy Forecasts 
(Millions of kwh) 


Actual Estimated 
1960 1965 1970 1975 1980 1985 1990 
PSA 13: 
Total HMCre y=. ties. oe eae 13, 529 18, 881 27, 400 37, 800 50, 500 67, 700 91, 300 
Annual Growth Rate—%_--<<-=-=---=-<----<=-=< 9 === 999s 6.9 Tas 6.6 6.0 6.0 6.2 
PSA 14: 
Motal HMere ys sooo a eae 25, 207 35, 325 52, 300 75, 800 105, 000 143, 000 195, 000 
Annual Growth Rate—%. ------------------------------- 2-77-00 7.0 8.2 Cer 6.7 6.4 6.4 
PSA 15: 
otal Hierey..--<-. 022022 -<oees J sdeee eee seg eee 9, 742 13, 800 20, 400 30, 000 43, 800 61, 200 85, 100 
Anaual Growth Rate—%.------------------=-------- 255229 595= 7.2 8.1 8.0 7.9 6.9 6.8 
PSA 16: 
otal Buerey ls. 2 eee ee ee 11, 178 15, 562 23, 800 34, 800 52, 800 74, 600 105, 000 
Annual Growth Rate—%--------------------------------2 2-000 00 70 6.8 8.9 ey) S27 7.2 des 
PSA 17 (WCR): 
otal Buergy 2. soins. vse oon ste eee eee 9, 021 12, 604 19, 600 27, 400 38, 100 53, 300 74, 600 
Annual Growth Rate—%.-------------------------------2 970000000 6.9 9.2 6.9 6.8 6.9 7.0 
PSA 26: 
Motali Were ys see 5 eee ee 1, 994 2, 987 4, 300 6, 000 8, 400 11, 600 16, 100 
Annual Growth Rate—%_----------------------------------0 7-77 00 0000077 8.4 7.6 6.9 7.0 6.7 6.8 
PSA 27: 
metal Energy... cece se cone ee eee 2, 287 3,471 4, 800 6, 800 9, 500 13, 200 18, 300 
Annual Growth Rate—%.--.---------------------------- 2007-000 8.7 6.7 7.2 6.9 6.8 6.8 
PSA 28: 
OP otal Brier ey ue eee eae 4,150 5, 957 9, 100 13, 000 18, 100 24, 500 33, 300 
Annual Growth Rare—%.---------------------------------7 2-000 Uae 8.8 7.4 6.8 6.2 6.3 
PSA 40 (Excl EEInc): 
Total Bnergyschatste eee = ee ae 9, 511 13, 262 19, 000 27, 100 38, 000 52, 800 73, 300 
"Aninual Growth Rate—Vose. 222 es =a 5 ee 6.9 75 7.4 7.0 6.8 6.8 
PSA 40 (EEInc Only): Total Energy----------------------------- 6, 519 4, 987 3, 200 6, 300 6, 300 6, 300 6, 300 
Total—West Central Region: ‘ 
otal PMCrey. sees she cose oe a eae ei eae a 93, 138 126, 836 183, 900 265, 000 370, 500 508, 200 698, 300 
Annual Growth Rate—%.---------------------------------00 200-07 6.4 Tat 7.6 6.9 6.5 6.6 
TABLE A-2 
West Central Region—Summary of Estimates 
Millions kwh % of net energy 
1960 ! 1965 ! 1970 1975 1980 1985 1990 19601 1965! 1970 1975 1980 1985 1990 
PSA-13 
BParmlise-sss2 32-22-22 883 989 1, 5380 2, 080 2, 780 3, 660 4, 930 6.5 5.3 5.6 5.5 5.5 5.4 5.4 
irrigationes=. === 1 Bocca eee v nena Lee nouewecce sauede conse ceancawoneese sar -n ase as Sanne: e=nnce anata ee 
Residential___---. -- 3, 712 5, 006 7, 530 10, 470 14, 040 18, 960 25, 660 27.4 26. 5 27.5 PAE 27.8 28.0 28,1 
And ustridleess= === 4, 747 7, 095 9, 780 13, 460 17, 980 2,170 32, 590 35.1 37.6 35. 7 35. 6 35. 6 35. 7 35. 7 
St. wighting==-se-—— 193 286 410 570 760 1, 020 1, 370 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
Commercial_....-.-- 2, 423 3, 409 5, 010 6, 950 9, 340 12, 590 17, 070 17.9 18.1 18.3 18.4 18.5 18. 6 18.7 
Elec. Transp-.------- 45 6 20 20 30 30 50 Os ae eee 0.1 Om 0.1 0.1 0.1 
IMU d 8 ae SE ae 276 455 630 910 1, 210 1, 620 2, 190 21. 2.4 253 2.4 2.4 2.4 2.4 
Weossesee = eee 1, 249 1, 630 2,490 3, 340 4, 360 5, 650 7,440 9.2 8.6 9.1 8.8 8.6 8.3 8.1 
Net energy..-.---- 13, 529 18, 881 27, 400 37, 800 50, 500 67, 700 91,300 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
PSA-14: 
Ane e ee 383 300 500 640 790 1, 000 1, 270 1.5 0.8 0.9 0.8 0.8 0.7 0.6 
Trtigations--<.-si9e0ie%s-aetgxde eek tees esc an ee ee sae ee ee ees a i 
Residential___------ 5, 543 8, 041 12, 580 18, 950 27, 140 38, 320 53, 820 22.0 22.8 24. 0 25. 0 25. 8 26.8 2756 
Industrial=—.- 2-2-4 9, 423 13, 246 18, 700 26, 110 34, 810 45, 550 59, 770 37.4 37.5 35. 9 34.5 33. 1 31.8 30.7 
Stauighting 2 .=sse= 335 441 630 870 1,150 1, 500 1, 950 1.3 1.2 lee 1.2 Lak 170 120 
Commercial___-- eee; O20 8, 098 12, 500 18, 760 26, 880 37, 680 52, 840 21.9 22.9 23. 9: 24.7 25. 6 26.5 271 
Elee.Lransp_222:--4 407 383 470 610 790 1, 000 1, 270 1.6 aleel 0.9 0.8 0.7 Or 0.6 
“A Mothers 2223 1, 195 1, 857 2,610 3, 870 5, 510 7, 650 10, 630 4.8 5.3 5.0 OL 5.3 5.3 5. 5 
TiOSSes = eee ee 2, 401 2, 959 4, 310 5, 990 7,930 10,300 13,450 9.5 8.4 8.2 7.9 7.6 Tez 6.9 
Net energy..------ 25, 207 35, 325. 52, 300 75,800 105,000 143, 000 195,000 100.0 100.0 100.0 100.0 100.0 100.0 100.0 


1 Actual data. 


III-2-8 


TABLE A-3 


West Central Region—Summery of Estimates 


Millions kwh Percent of net energy 
1960 1 1965 1 1970 1975 1980 1985 1990 19601 1965! 1970 1975 1980 1985 1990 
PSA-15: 
LED 6 0a a a a 298 392 680 1, 090 1, 710 2, 540 3, 750 3.0 2.8 3.3 3.6 3.9 4.2 4.4 
NERS Oe oS ee ee a ee Ne ae rr rr Oe Ec I eee ee oh OR Oe Ss ee OP ee sei 
Residential_________ 2, 400 3, 393 5, 540 8, 230 12, 250 18, 130 26, 520 24.6 24.6 20.2 27.5 28.0 29.6 Bi IRy 
NGuUstrial 2.2 = 2 4, 651 6, 982 9, 660 14, 030 20, 170 27, 270 36, 720 47.7 50 6 47.3 46.8 46 0 44.5 43.1 
St.Wighbting = — = == 84 117 180 240 350 430 590 0.9 0.9 0.9 0.8 0.8 0.7 0.7 
Commercial_____---- 1, 256 1, 645 2,470 3, 660 5, 340 7, 330 10, 000 12.9 11.9 12.1 12,2 12.2 12.0 11.8 
iNiecs ‘Dransp_-.. =. IG) ee RA SES Re cap yl a ls Re Lap nr eee a ee De es et Ste ke Soe cm ey st Ra, i al ie fe ae pee 
ANG in) ee ae 152 185 290 490 790 1, 250 1,880 1.6 1.3 1.4 1.6 1.8 2.1 2.2 
WEOSSOS tee one 885 1, 086 1, 580 2, 260 3, 190 4, 250 5, 640 9.1 7.9 7.8 7.5 7.3 6.9 6.6 
Net Energy.__---- 9,742 13,800 20,400 30,000 43,800 61,200 85,100 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
PSA-16: 
Maniteeee se Cee 1, 280 1, 674 2, 500 3, 500 5, 090 6, 890 9, 290 15 10.8 10.5 10.0 9.6 9.3 8.8 
LOD) 5 S585 ce chee ane Beas SASS Se Se aS a ee ae ee ee ee ee ee 
Residential________- 3, 045 4, 389 6, 680 9, 780 14, 790 20, 760 28, 940 20.2 28. 2 28.1 28.1 28. 0 27.8 27.6 
mnadustriale: = 2.25 3, 569 5, 327 8, 5380 13, 070 20, 740 30, 570 44, 760 31.9 34. 2 35.9 37.6 39.3 41.0 42.6 
Stele nines se. 151 203 320 450 670 910 1, 240 1.4 1.3 1.3 1.3 1.3 1,2 Ys 
Commercial_____-__- 1, 577 2, 089 3, 110 4, 350 6, 300 8, 510 11, 460 14.1 13. 4 13.0 12.5 11.9 11.4 10.9 
(DLS. UMAIAS ce hl todo be EE BE ASB Ss SI 5 a I a er a a Sn | a 
PANO thers 5.2 22-252 297 398 590 850 1, 270 1, 750 2, 400 PAs i 2.6 2.5 2.4 2.4 2.3 2.3 
WosseSes ee =o se ke 1, 259 1, 482 2, 070 2, 800 3, 940 5, 210 a!) 0 6 9.5 8.7 8.1 7.5 7.0 6.6 
Net Energy---_---- 11, 178 15, 562 23, 800 34, 800 52, 800 74,600 105,000 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
1 Actual data. 
TABLE A-4 
West Central Region—Summary of Estimates 
Millions kwh Percent of net energy 
1960 1 1965 ! 1970 1975 1980 1985 1990 1960! 19651 1970 1975 1980 1985 1990 
PSA-17 (WCR): 
iaritience 5.8 2°02 i= 1, 594 2, 036 3, 350 4, 710 6, 570 9, 220 12, 930 Wi: 16. 2 sWgul 17.2 17.2 17.3 17.3 
HELISAviON. == 2522 5-= = 6 er a nnn ene nee AE en 5 ee Oe SR Os. SBS To oo ee Steet 
Residential-_______-- 2, 254 3, 051 4, 840 6, 830 9, 590 13, 530 19, 090 25.0 24.2 24.7 24.9 2552 25. 4 25.6 
Padustrials oss. 2 2, 319 3, 218 5, 170 7, 250 10, 090 14, 130 19, 770 25.7 2570) 26. 4 26. 6 26.5 26 5 26. 5 
Shearliting sa so. 125 162 260 330 420 590 750 1.4 1.3 1,2 12 eal eel 1.0 
Commercial... -_ -. 1, 555 2, 539 3, 670 5, 190 7, 290 10, 320 14, 590 Liz..2 20. 1 18.7 18.9 19.1 19.3 19.6 
iecaransprs 2 - <= 1.0 eee eee ee ee ee A SA A eS ON ee ee Es Be rn ee SE Bs tS 
All Other: ..22.2..-. 186 386 500 700 990 1, 320 1, 870 2.1 3.1 2.7 2.6 2.6 2.5 2.5 
WOSSOS er Ss 2s = 972 1, 210 1, 810 2, 390 3, 150 4,190 5, 600 10.8 9.6 9.2 8.7 8.3 7.9 7.5 
Net Energy------- 9, 021 12, 604 19, 600 27, 400 38, 100 53, 300 74,600 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
PSA-26: 
Panes oe nat oc ts 471 678 1, 080 1, 510 2, 100 2, 830 3, 760 23.6 PIT 2051 25.3 25.1 24,4 23.3 
TWAT. eee betes sae Sate gs ee Ses A i SR re eee a eee SER SB he eee = ele ee 
Residential_________ 624 859 1, 250 1, 660 2, 190 2, 830 3, 660 31.3 28.7 29, 1 lent) 26. 1 24.4 Ppeatl 
Tydustrial—=--- === 183 435 690 1, 150 1,910 3, 100 4, 960 Ont 14.5 16.0 19.2 Pant 26.7 30.8 
St. Lighting____--_-- 31 44 60 80 110 140 180 1.6 1.6 1.4 1.3 1.3 2 Weal 
Commercial_____---- 378 489 580 740 950 1, 220 1, 590 19.0 16.4 13. 5 12.4 11.3 10.5 9.9 
S1@G. MANTA D 5 mw gees: See eee SSeS ei AS ae eh SN a Or er a Se 
PANO Pner. - 2322-3 52 160 180 260 370 500 690 2.6 5. 4 4.1 4.2 4.3 4.4 4.3 
WOSSeS: = 8. 255 323 460 600 770 980 1, 260 12.8 10.8 10.8 9.9 9,2 8.4 G9 
Net Energy-_-_-_---- 1, 994 2, 987 4, 300 6, 000 8, 400 11, 600 16,100 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
' Actual data. 
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TABLE A-5 
West Central Region—Summary of Estimates 


Millions kwh Percent of net energy 
1960 1 1965 ! 1970 1975 1980 1985 1990 19601 19651 1970 1975 1980 1985 1990 
PSA-27 
Rar eee ee 333 498 670 890 1,170 1, 520 1, 970 14.6 14.3 13.9 13.1 12.3 11.5 10.7 
drmnigation se s==—-=— 28 18 30 40 50 60 80 1.2 ~5 ad .6 ati) 20) Ani 
Residential_-__------ 518 685 980 1, 320 1, 750 2, 290 2, 980 94. Uf 19.7 20.3 19.4 18.4 17.4 16.3 
industrigle see se 297 422 520 690 900 1, 160 1, 490 13.0 12, 2 10.9 10.2 9.4 8.7 8.2 
Stalnighting==ss———— 36 50 70 90 120 150 200 1.6 15) 1.4 1.3 1.2 1.2 shal 
Commercial.__------ 389 583 820 1, 180 1, 510 2, 010 2, 640 17.0 16.8 feck 16.6 16.0 15.2 14.4 
Elec. Transp... .2---------00<-2oeewe= see Se ga Spee ase ea 
‘AMO thers=-=2=5- === 105 277 460 780 1, 310 2, 190 3, 620 4.6 8.0 9. 5 11.4 13.8 16.6 19.8 
ALOSSeSieaa555-ee 581 938 1, 250 1, 860 2, 690 3, 820 5, 320 25.3 27.0 26.1 27.3 28.3 28.9 29.0 
Net Energy_..---- 2, 287 3, 471 4, 800 6, 800 9, 500 13, 200 18,300 100.0 100.0 100.0 100.0 100.0 100,0 100.0 
PSA-28: 
Marmsso2 2222225 527 688 980 1, 300 1, 670 2, 060 2, 560 12.7 11.6 10.8 10.0 9.2 8.4 Gand, 
iyrigationeess==-2-—2 50 62 70 90 110 120 130 1.2 1.0 0.8 0.7 0.6 0.5 0.4 
Residential ___------ 1, 067 1, 515 2, 430 3, 530 4, 940 6, 740 9, 160 2507, 25. 4 26. 7 20.1 27.3 27.5 27.5 
industrialeese=== 900 1, 335 2, 140 3, 210 4, 670 6, 570 9, 260 PANE E 22.4 23.5 24.7 25.8 26.8 27.8 
St. Lighting=2-=--_- 68 90 130 140 200 220 270 1.6 1.5 1.4 ial PL 0.9 0.8 
Commercial. ------- 938 1, 465 2, 210 3, 240 4, 610 6, 420 8, 930 22.6 24.6 24.3 24.9 25.5 26. 2 26.8 
Blech Transp2ss--==— 7 (re nee woes eA ee rg ee 8 Ae eee Sea 0.2 OM eorccl Secs tees eee 
AM © thereee eee 153 193 230 260 270 290 330 Sua Sa 225 2.0 15 1.2 1.0 
ILOSS€S: 22255522 =2 = 440 603 910 1, 230 1, 630 2, 080 2, 660 10.6 10. 2 10.0 9.5 9.0 8.5 8.0 
Net Energy-.------ 4,150 5, 957 9, 100 13, 000 18, 100 24, 500 33,300 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
1 Actual data. 
TABLE A-6 


West Central Region—Summary of Estimates 


Millions kwh Percent of net energy 
1960 ! 1965 1 1970 1975 1980 1985 1990 1960! 196&1 1970 1975 1980 1985 1990 
PSA—40 (Excl. EEInc): 
Warm ee a eee 877 1, 108 1, 680 2, 380 3, 340 4, 590 6, 300 9.2 8.4 8.8 8.8 8.8 8.7 8.6 
Irnigation==sess=s——" 4 A oe a ae 
Residential___------ 2, 128 2, 884 4, 400 6, 380 9, 110 12, 870 18, 170 22.4 PAY 2392 2350 24.0 24.4 24.8 
Madustrial]_-—=-=--- 3, 968 5, 662 8, 200 11, 900 16, 890 23, 730 33, 300 41.7 42.7 43.2 43.9 44.4 44.9 45.4 
St. Lighting =222---— 69 90 130 190 270 370 440 0.7 0.7 0.7 0.7 0.7 0.7 0.6 
Commercial......--. 1, 294 1, 918 2, 550 3, 520 4,780 6, 440 8, 720 13.6 14.5 13.4 13.0 12.6 12.2 11.9 
Elec. Transp. ..-.------22) ---iss25---es5see sede esos Sacer 
A otheres. s=s25s=-= 187 283 400 570 800 1, 160 1, 540 2.0 2.1 weil Den 2.1 22 2.1 
WiOSSCS 5 ees 984 1, 313 1, 640 2, 160 2, 810 3, 640 4, 830 10.4 9.9 8.6 8.0 7.4 6.9 6.6 
Net Energy------- 9, 511 13, 262 19, 000 27, 100 38, 000 52, 800 73,300 100.0 100.0 100.0 100.0 100.0 100.0 100. 0 
PSA-40 (EEInc Only): 
Net Energy-.------- 6, 519 4, 987 3, 200 6, 300 6, 300 6, 300 6,300 100.0 100.0 100.0 100.0 100.0 100.0 100. 0 
Total—West Central 
Region: 
Warm es: 2-2 2e Se 6, 646 8, 363 12, 970 18, 100 25, 220 34, 310 46, 760 a 6.6 7.0 6.8 6.8 6.8 6.7 
rigotionss. = eee 89 90 100 130 160 180 210 0.1 0.1 0.1 01 222.2 
Residential===s2=_—=— 21, 291 29, 823 46, 230 67, 150 95,800 134,430 188, 000 22.9 23. 5 25.1 25.3 25. 9 26.5 26.9 
Industnial2a2= 2 36, 576 48, 709 66, 590 97,170 134,460 182,550 248,920 39.3 38. 4 36. 2 36.7 36.3 35.9 Sy 7 
St. bighting=ss-5-2= 1, 092 1, 483 2, 190 2, 960 4, 050 5, 330 6, 990 1.2 1.2 1129) tlyal Nea 1.0 1.0 
Commercial _------ 15, 330 22, 235 32, 920 47, 540 67, 000 92,520 127,840 16.4 IW Gs) 17.9 17.9 18.1 18.2 18.3 
Elec. Transp__-_----- 485 395 490 630 820 1, 030 1, 320 0.5 0.3 0.3 022 0. 2 0.2 0.2 
AV Othereeste= ee = 2, 603 4, 194 5, 890 8, 690 12, 520 17, 739 25, 150 2.8 3.3 3.2 3.3 3.4 3.5 3.6 
NOSSESS et a oe 9, 026 11, 544 16, 520 22, 630 30, 470 40, 120 53, 110 9.7 9.1 9.0 8.6 8.2 79 7.6 
Net Energy-_----- 93,138 126,836 183,900 265,000 370,500 508,200 698, 300 100.0 100.0 100.0 100.0 100.0 100.0 100.0 


1 Actual data. 
2 Including Electric Energy, Inc. 
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TABLE A-7 


West Central Region—Projections 


Population projections |! (Thousands) 


(Population—Persons Per Household—Customers) 


Persons per household projections 


Customer projections (Thousands) 


(1990 19602 19652 
3.30 1,094 1,159 
3.30 1,955 2,161 
2, 85 770, S37 
3.310 1072-81 147 
3.16 945 998 
3.45 248 «260 
3. 20 2042216 
3.01 385 422 
2. 98 837 894 
3.19 7,519 8, 089 


1990 


8, 830 
10, 180 
14, 790 

9, 980 

8, 220 

5, 250 

4, 360 
10, 290 
10, 140 


PSA ~ 

19602 19652 1970 1975 1980 1985 1990 19602 19652 1970 1975 1980 1985 

lg ee eee ann ee etme eee 3,673 3,839 4,087 4,322 4,778 5,182 5,626 3.36 3.31 3.31 3.31 Siok 3. 30 

dee es Se ere ee ee eae 7,264 7,642 8,089 8,694 9,408 10,194 11,066 3.72 3.54 3.42 3.35 3.30 3.30 

eee cee Seen Power eet eeae ces 2,306 2,390 2,447 2,585 2,756 2,947 3,159 2.96 2. 86 2. 86 2. 86 2. 85 2.85 

Se ee ee oc aaa cee 3,670 3,810 4,059 4,384 4,766 5,184 5,634 3.42 3. 34 3. 33 3. 33 3. 32 Bh894 

GEKA A ON 29) Vee re lee Sepepsicait eee es eee 3,167 3,178 3,287 3,461 3,677 3,922 4,181 3.35 3.18 3.18 3.18 3.17 3.17 

De Nise, & UG len pay op eee eee 873 899 944 1,004 1,077 1,158 1,247 3.52 3.46 3.46 3.46 3.45 3.45 

ee ee a ra Soe eee euSen 674 695 740 780 829 885 947 93.30 3. 22 3. 22 3. 21 3. 21 3. 20 

OR ee ee eee a eee 1,305 1,361 1,428 1,492 1,576 1,672 1,767 3.39 3.28 3.14 3.05 3.01 3.01 

40 Ce ee os eee oee sea as 2,719 2,861 3,028 3,255 3,522 3,817 4,143 3 225 3. 20 3. 13 3. 06 3. O1 2. 98 

DOtaltenset eee eee 25,653 26,675 28,109 29,976 32,389 34,961 37,770 3.41 SH BRAG BLP BRN BY MN) 

1 Based on Series II-B, Bureau of Census P-25, No. 326, February 1966. 
2 Actual data. 
TABLE A-8 
West Central Region—Estimated Kilowatthour Use 
Total energy kwh use/person Commercial and industrial kwh use/person 
PSA 

1960! 19651 1970 1975 1980 1985 1990 1960! 19651 1970 1975 1980 1985 
oe es ce a a dee 3,683 4,918 6,700 8,750 10,570 13,060 16,230 1,952 2,736 3,620 4,720 5,720 7,090 
Te a Se gee ee a ee er 3,470 4,622 6,470 8,720 11,160 14,030 17,620 2,057 2,793 3,860 5,160 6,560 8,160 
Ai aeme ne eens eyes fhe See Sood ce 4,225 5,774 8,340 11,610 15,900 20,770 26,940 2,562 3,610 4,960 6,840 9,260 11,740 
Gene Sh eee eee cee eels 3,046 4,085 5,860 7,940 11,080 14,390 18,640 1,402 1,946 2,870 3,970 5,670 7,540 
SC ZACW Oke eee ee eee ae Rene 2,848 3,966 5,960 7,920 10,360 13,590 17,840 1,223 1,812 2,690 3,590 4,730 6,230 
A a hr aS 2,284 3,323 4,560 5,980 7,800 10,020 12,910 643 1,028 1,350 1,880 2,660 3,730 
i fit Se Dae et a eee Se 3,393 4,994 6,490 8,720 11,460 14,920 19,320 1,018 1,446 1,810 2,330 2,910 3,580 
ei ecg Pe ee ES eee fe OE 3,180 4,377 6,370 8,710 11,480 14,650 18,850 1,408 2,057 3,050 4,320 5,890 7,770 
CUP Rin. kash DSSS Eo see re eee 3,498 4,635 6,280 8,330 10,790 13,830 17,690 1,935 2,649 3,550 4,740 6,150 7,900 
OLA semen wate nance eee 3,631 4,755 6,540 8,840 11,440 14,540 18,490 2,023 2,660 3,540 4,830 6,220 7,870 


1 Actual data. 
2 Excludes EEInc. 
3 Includes EEInc. 


9, 980 


1960 ! 


4, 200 
3, 031 
3, 463 
4, 035 
4, 072 
4,415 
4,172 
4, 140 
3, 590 


3, 716 


1965 ! 


5,173 
3, 860 
4, 520 
5, 309 
5, 097 
5, 912 
5,477 
5, 220 
4, 465 


4, 720 


1970 1975 1980 1985 1990 
1,235 1,306 1,444 1,570 1,705 
2,365 2,595 2,851 3,089 3,353 
856 904 967 1,034 1,108 
13219 Sire, 436m 1 56Le 11,702 
1,034 1,088 1,160 1,237 1,323 
273 290 312 336 361 
230 243 258 277 296 
455 489 523 556 587 
967 1,064 1,170 1,281 1,390 
8,634 9,296 10,121 10,941 11,825 
Residential and farm kwh use/customer 
1970 1975 1980 1985 1990 
7,340 9,610 11,650 14,410 17,940 
5,530 7,550 9,800 12,730 16,430 
7,270 10,310 14,440 19,990 27,320 
7,530 10,080 13,840 17,710 22, 460 
7,920 10,610 13,980 18,390 24, 200 
8,530 10,930 13,750 16,850 20, 550 
7,170 9,090 11,320 18,750 16,720 
7,490 9,880 12,640 15,830 19,970 
6,290 8,230 10,640 18,630 17,600 
6,860 9,170 11,960 15,420 19,850 


TABLE A-9 


Summary of Load Forecasts 
(Peak load mw) 


Actual Estimated 
1960 1965 1970 1975 1980 1990 
Summer Winter Summer Winter Summer Winter Summer Winter Summer Winter Summer Winter 

PSA 13: 

Peake Loads:=---- == 2, 464 2, 564 3, 236 3, 344 4, 500 4, 660 6, 320 6, 380 8, 510 8, 430 15, 290 14, 460 

Annual Growth Rate—%_...-.---. --._--___- 5.6 bts} 6.8 6.9 7.0 6.5 6.1 5.7 6.0 5.5 
PSA 14: 

Peak: Loadss: ==. £95 oe 4, 783 4, 640 6, 733 6, 190 10, 070 8, 260 14, 350 11,110 19, 810 15, 150 37, 020 28, 280 

Annual Growth: Rate (esse ss == ee ee Weal 6. 0 8.4 5.9 7.3 6.1 6.7 6.4 6.5 6.4 
PSA 15: 

Peak Loads. 222s es 1, 980 1,651 2,948 2, 283 4, 530 3,170 6, 650 4, 650 9, 720 7,140 18, 770 16, 960 

Annual Growth Rate—(je-e- = ee 8.3 6.7 9. 0 6.8 8.0 8.0 7.9 9. 0 6.8 9.0 
PSA 16: 

Peaky Loads)--s2-2 =. = 2,108 2, 296 2,925 2, 984 4, 280 4,210 6, 230 5, 800 9, 210 8, 020 18, 350 16, 060 

Annval Growth Rave /j sss ee 6.8 5.4 7.9 Ga 7.8 6.6 8.1 6.7 Tak 7.2 
PSA 17 (WCR): 

Reaksloadssae == = 1, 762 1, 801 2,471 2, 200 3, 730 3, 240 5, 260 4,420 7, 160 5, 920 13, 120 10, 970 

AnnualiGrowth: Rate—_ 7, ees ee ee 7.0 4.1 8.6 8.1 7.1 6. 4 6.4 6.0 6.2 6.4 
PSA 26: 

Beak oadse-o2. bose-e = 348 476 510 649 720 960 990 1, 320 1,370 1, 820 2,620 3,390 

ADnIAlG row th Rate Opseas ens soe eee 8.0 6. 4 (hal 8.1 6.6 6.6 6.7 6.6 6.7 6.4 
PSA 27: 

Peak Loads === 372 456 564 627 710 910 1, 030 1,310 1, 520 1, 900 3, 010 3, 680 

Annual Growth Rabe 07 sees =e ee eee 8.7 6.6 4,7 Cif 7.8 7.6 8.1 ta Tak 6.8 
PSA 28: 

peak Loadsssss-see= see as 967 778 1, 444 1, 028 2, 220 1, 670 3, 160 2,390 4,390 3,310 8, 070 6, 100 

Annual Growth Rate—jo-2 oe ee eee 8.4 Bid 9.0 10.2 7.3 7.4 6.8 6.7 6.3 6.3 
PSA 40: 

(Excluding EEInc) 

Peak L0adss- 2-6. 22.2.2. 1, 808 1, 780 2, 529 2, 233 3, 835 3,325 5, 495 4, 605 7, 395 6, 215 13, 255 11, 105 

ANNUAL Growth ale—— oases ee ees 6.9 4.6 8.7 8.3 ded 6.7 6.0 6.2 6.1 6.0 
PSA 40: 

(EEInc Only) Peak 

WOadS.. ase s oo oes on se 735 735 565 566 235 735 735 735 735 735 735 735 

Total WCR: 

PeakLoads) 22 5-S 17, 327 17,177 23, 920 22, 104 34, 830 31, 140 50, 220 42,720 69, 780 58,640 130,240 111,740 

‘Annual (Growth Rate—Ges-22- =e enna 6.7 5.2 7.8 7.1 7.6 6.5 6.8 6.5 6.4 6.7 
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TABLE A-10 


Summary of Load Forecasts—Load Factors 
_ (Peak loads in mw—Net energy in millions kwh) 


Actual Estimated 
1960 1965 1970 1975 1980 1990 
Peak Net Peak Net Peak Net Peak Net Peak Net Peak Net 
load energy load energy load energy load energy load energy load energy 
\ 
12 {SUaleol Ya 2, 564 (W) 13,529 3,344 (W) 18,881 4,660 (W) 27,400 6,380 (W) 37,800 8,510 (S) 50,500 15,290(S) 91,300 
60. 2 64. 67.1 67. 6 67.8 68. 1 
Oat ee 4, 783 (S) 25,207 6, 7383 (S) 35,325 10,070 (S) 52,300 14,350 (S) 75,800 19,810 (S) 105,000 37,020(S) 195,000 
60. 2 59. 9 59.3 60. 3 60. 5 60. 1 
| 1ESU NG ee eee 1, 980 (S) 9,742 2,943 (S) 13,800 4,530 (S) 20,400 6,650 (S) 30,000 9,720 (S) 43,800 18,770(S) 85,100 
56. 2 53. 5 616 51.6 51.5 51.8 
| RSAR16seeo0- 52 2, 296 (W) 11,178 2,984 (W) 15,562 4,280 (S) 23,800 6, 230 (S) 34,800 9,210 (S) 52,800 18,350 (S) 105,000 
55. 6 59. 5 63. 4 63. 8 65. 5 65. 3 
PSA-17 (WCR)_._ 1,801 (W) 9,021 2,471 (S) 12,604 3,780 (S) 19,600 5,260 (S) 27,400 7,160 (S) 38,100 18,120(S) 74,600 
54. 2 58. 2 59. 9 59. 5 60. 8 64. 9 
SAS 6 Ae se 476 (W) 1, 994 649 (W) 2, 987 960 (W) 4,300 1,320 (W) 6,000 1,820 (W) 8, 400 3,390 (W) 16,100 
47.8 5255 51.0 51.8 62.7 54. 2 
SAC 2 /epessee. . 2. 456 (W) 2, 287 627 (W) 3,471 910 (W) 4,800 1,310 (W) 6,800 1,900 (W) 9, 500 3,680 (W) 18,300 
| ad 63. 2 60. 3 58. 7 KYA? 56. 8 
IRSA 28 967 (S) 4,150 1,444 (S) 5,957 2, 220 (S) 9,100 3,160 (S) 13,000 4,390 (S) 18, 100 8,070 (S) 33,300 
49. 0 47.1 47.0 47.0 47.0 47.0 
| PSA-~40 (Excl. 
105) 0) 1 0X0) eee 1, 808 (S) 9,511 2,529 (S) 13,262 3,835 (S) 19,100 5,495 (S) 27,100 7,355 (S) 38,000 18,255 (S) 73,300 
60. 1 59.9 56. 6 56.3 59.0 63. 1 
! PSA-~40 (EEIne 
| (Oy) aaeto ee St 735 6, 519 566 4, 987 735 3, 200 735 6, 300 735 6, 300 735 6, 300 
100. 0 100. 0 49.7 97.8 97.8 97.8 
Total WC Region. 17, 866 93,138 24, 290 126, 886 35, 930 183,900 50, 890 265,000 70, 610 370,500 131, 680 698, 300 
59. 5 59. 6 58. 4 59. 4 59. 9 60. 5 
NoTE: (W) Winter peak. 
(S) Summer peak. 
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CHAPTER Il 
INVENTORY OF FOSSIL FUEL RESOURCES 


Introduction 


The purpose of this report is to update the 1964 
National Power Survey, Vol. II, Advisory Commit- 
tee Report No. 21 on Fuels for Electric Gen- 
eration, prepared by the Fuels Special Technical 
Committee. 

In updating Report No. 21 we have not at- 
tempted to change or modify the extensive and au- 
thoritative background material in that report, 
which represents the best advance thinking on in- 
dustry fuel problems by some of its foremost mem- 
bers. Instead we have supplemented that report 
where changes have occurred in the price of fuel, 
the cost of transportation and methods of transport. 

The West Central Region fossil fuel reserves are 
reported in detail by individual counties in each 
state. The reserves are tabulated by class of reserves 
as to whether they are “measured,” “indicated” or 
“inferred” and by thickness of the coal beds. Meas- 
ured reserves are those for which tonnage was com- 
puted from direct measurements. Indicated reserves 
are those for which tonnage was computed partly 
from specific measurements and partly from re- 
sponsible assumptions based on available data and 
geologic evidence. Inferred reserves are those for 
which quantitative estimates are based on a broad 
knowledge of the character of the bed or the region, 
but for which there are few, if any, actual measure- 
ments. This detailed information on coal reserves 
should be useful to system planners in selecting fu- 
ture sites for large thermal power plants. 

Other task force committees have prepared re- 
ports on load projections, types of generation, air 
pollution and nuclear power; therefore, this report 
does not include information on those subjects. If 
the reader desires information on productive 
capacity of the coal industry, future projected prices 
of various fuels or other related information regard- 
ing fuels, it is suggested he consult the report of 
Fuel Resources, Requirements and Costs for Elec- 
tric Generation in the Eastern United States which 


was prepared by a committee that included repre- 
sentatives from the Federal Power Commission, the 
Bureau of Mines and the Office of Oil and Gas, 
Department of the Interior. 


Summary 


During the period 1970-1990, electric generation 
will be dependent upon five basic forms of energy— 
coal, gas, oil, hydro, and nuclear. This report is con- 
cerned primarily with fossil fuels. The availability 
of approximately 370 billion tons of recoverable 
coal reserves in the West Central Region is more 
than sufficient to meet the electric utilities’ require- 
ments in this region through the year 2000. A re- 
cent report indicates additional reserves in this 
region could amount to 225 billion tons of recovera- 
ble coal reserves in unmapped and unexplored 
areas. Coal, however, will be faced with continuing 
pressures from other forms of energy, and based on 
present trends the most significant competition will 
be from nuclear energy. 

Mechanization and handling of coal at the mine 
will continue to improve. Some of the new develop- 
ments in underground mining in recent years have 
been the use of a mobile bridge conveyor which has 
increased the productivity from a continuous miner 
substantially, the underground push button miner, 
the installation of long wall mining equipment, and 
the application of computer simulation techniques. 

In determining the type of fuel to be used for 
electric generation a number of factors have to be 
reviewed and evaluated, each of which will have 
a bearing on total fuel costs for any one location. 
The cost of transportation, anti-air pollution de- 
vices, storing, handling and disposing of the fuel 
product are economic factors which can make a 
low cost fuel the most expensive fuel. Therefore, 
while a general picture can be drawn of the avail- 
ability and price of fuels, the final determination 


Averitt, Paul, 1968 U.S. Geological Survey. 
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in selecting a fuel or fuels for a particular plant 
must be based on the specific facts pertinent to that 
plant and its location. 

A fossil fuel survey questionnaire was sent to 
twenty-six electric utilities which consume approxi- 
mately 90 percent of the coal used for electric gen- 
eration in the West Central Region. The question- 
naire inquired as to producing district, tonnage 
burned, f.o.b. mine price, average BTU per Ib. re- 
ceived, cents per million BTU f.o0.b. mine, methods 
of transportation used, freight rate, haulage dis- 
tance, and tonnage per shipment 

This survey indicated that in the period 1961- 
66 the average price of coal f.o.b. mine has in- 
creased from 15.03 to 16.57 cents per million BTU 
or an increase of 10.18 percent on the coal obtained 
in District 10 (36 million tons of 46 million tons 
reported for the region). The average annual in- 
crease in the cost of District 10 coal in the five year 
period 1961-1966 amounts to 1.9 percent per year. 
Due to the less significant tonnages reported in 
relationship to tonnage produced, a comparison of 
the price increases for coal obtained from other 
districts is not shown. 

Rail transportation in the past has predominated 
in the movement of coal in this region, and within 
recent years the cost of coal transported by rail has 
been reduced substantially on selected movements 
of coal shipped by unit train. Based on the 46 mil- 
lion tons reported in the survey for the year 1966, 
approximately 10 million tons, or 21.8 percent, were 
shipped by unit train, 12,200,000 tons, or 26.6 per- 
cent, were shipped by rail-barge, and 5,280,000 
tons, or 11.5 percent, were shipped by rail-lake, The 
amount of coal shipped by conveyor and captive 
shuttle train during the period 1970-1975 will in- 
crease by 11,000,000 tons versus a 7,000,000 ton 
increase for unit train shipments. 

The average rail freight cost in the West Central 
Region for coal shipments in 1966 amounted to 
$1.97 per ton on a tonnage of 23,500,000 tons, or 
approximately 46 percent of the coal consumed in 
this region. The unit train freight rates reported 
in the survey when compared on a basis which 
considers railroad ownership of all equipment indi- 
cates that the mills per ton mile range from 10.3 
mills per ton mile for an 85 mile haul to 7.2 mills 
for a 138 mile haul and down to 5.0 mills for a 355 
mile haul. 

Past projections indicated that unit train freight 
rates could level out at a cost of 4 mills per ton mile 


for hauls between 350 miles and 600 miles.” How- 
ever, no hauls of 400 to 500 miles at 4 mills were 
reported. The inability of the utilities to obtain a 
lower cost than 5 mills per ton mile is partially 
substantiated by the fact that as of the present date 
between now and 1975 approximately 10,000 mega- 
watts of nuclear capacity is planned or considered 
for installation in the West Central Region. 

In the five year period 1961-1966 the consump- 
tion of gas for thermal electric generation in- 
creased from 0.223 to 0.260 trillion cubic feet or at 
an average annual rate of 3.11 percent compared 
to a 7.73 percent average annual increase in coal 
consumption in the same period. The average cost 
of gas for the region in the same period increased 
from 25 to 25.3 cents per million BTU or by 1.2 
percent. 

Table A indicates the electric generation pro- 
duced by coal fired plants in the West Central Re- 
gion will increase from 124.8 billion Kwh in 1970 
to 155.3 billion Kwh in 1990 and nuclear genera- 
tion will increase from 17.5 billion Kwh to 489.1 
billion Kwh in the same period. Table B indicates 
coal consumption will increase from 60.4 million 
tons in 1970 to 65.7 million tons in 1990. 

Table 1 lists the remaining coal reserves in the 
West Central Region by percent sulfur content and 
approximately 72.7 percent of the reserves in the 
region contain 1.0 percent or less sulfur. However, 
most of these low sulfur coal reserves are located in 
the States of Montana and North Dakota and most 
of the coal consumed in the region is obtained from 
the State of Illinois. 

Table 2 indicates the coal consumed for electric 
generation in the West Central Region in 1966 had 
an average sulfur content of 2.8 percent which 1s 
slightly more than the 2.3 percent average sulfur 
content of all coal consumed by the electric utilities 
in the United States. 

The growing demand for air pollution abatement 
regulations has contributed to a major shift from 
the use of coal for electric generation to nuclear 
energy. In the West Central Region in 1966 ap- 
proximately 72 percent of the electric generation 
was produced in coal fired plants and 1 percent by 
nuclear plants. Present projections illustrate that 
by 1990 approximately 22 percent of the electric 
generation in the region will be produced in coal 
fired plants and 70 percent by nuclear plants. 


* 1964 National Power Survey, Vol. 2, Advisory Report 
INOme pePows38 
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TABLE A 


West Central Region—Thermal Electric Generation by Type of Fuel and Hydro Generation, 
Year 1966—1990 


1966 1970 1975 1980 1985 1990 
Billions 9% Billions % Billions % Billions % Billions % Billions % 
kwh kwh kwh kwh kwh kwh 
Thermal Generation: 
Coal waasdnsngres Sah 99.9 72.2 124.8 67.2 146.3 55.2 142.4 38.4 154.2 30.4 155.3 PPE): 
Gases < josie ee 93.9 17/73, 3070 5 1620) (3500 oe tea 953% asiee TAS 39a Dou 
Oil teeomis au) a | Keel 20 Es Bs) 125 He ees -o Z.0 os 
Nuclearaiseasoicnke 1:4 TPO 9.4 69:5 ~26.2° °178'4-" 4872300) 1" 3507 bcos 69. 7 
otal S255 1 cgh ele 196. 1+ -91-2> 173.4 93:4. 252.1, .95.1, 356.8) 9613-493. 8) 7-97. 2a oRaae O158 
Hydro Generation: 
Conventional....... 12> 1 os» mms (8 | 6.6 12.8 4,9 “\ 13.6 SRN mes eta Ie 20 2,07 Loe 70 
Pumped Hydro..... oe DS eee Oe esd ep BB sh ee ae ol ese sl yl ese Be 
otal}. cnsee totes 12,32 Sab ty i2. 2 616% 1229 AD N37 Jd Peat 2.8.4 gles 2252 


Total-Generation,.«138. 3 100.0) 18516, 100; 0° 26570. “10030 737075, 100-9 508.2 100,0 “7017S 0c 


TABLE B 


West Central Region—Estimated Quantity of Coal, Oil and Gas Fuels Required for Electric Generation 
and Millions of Tons of Coal Equivalent 


1966 1970 1975 1980 1985 1990 


Quan- Equiv. Quan- Equiv. Quan- Equiv. Quan- Equiv. Quan- Equiv. Quan- Equiv. 
tity! tons tity! tons tity! tons tity’ tons tity! tons tity! tons 


Electric Generation: 


Coal.io:c. if. eee BOr6. 506, «60,4 6054 69)4~ (69.4, “63765 763. 6" or eos) 65. 7 65. 7 
Gasrad vibra saaaeeaee 956.0 12.1 307.4 14.5 35127 916-6 32653 915.47 3385.9 =) 1G, Omes 16. 7 
LOSE eetreartede audi breet 1.6 =) 1.9 oe 282 .6 2.4 a7. 285 af 3390 .8 
Nucleariesene- hom. ob: chor Tee ee RSS ePaclecone c 3D OWE eee wee CAS eB EE on rec 1.27, 0%. cee 207. 0 
FIV Grote. oli ae | O25, ae eases De Ok rch ue Gh O Meare are Galperin ae 6.) a eee 6.6 

Totalehy. (aan O eee ee TAO, RSG s Prec BOROU ost e [Qo Meee 16525" eee oe 2155) eee 296. 8 


1 Fuel quantities in millions of tons of coal, barrels of oil and MCF of gas. 


Nore. Fuel quantities are based on kilowatthour generation by fuels and weighted average heat rates, respectively, 
and were computed using the following conversion factors: 10,750 Btu per pound of coal; 145,000 Btu per gallon and 42 
gallons per barrel of oil; 1,015 Btu per cubic foot of gas. The oil and gas equivalents per ton of coal are 3.53 barrels of oil 
and 21.2 MCF of gas, respectively. The amount of electric generation produced by coal thermal generation increases from 
1975 to 1990 but fuel requirements decrease due to the improvement in the weighted average heat rate. Fuel consumption 
by type of fuel in the West Central Region will vary from the quantities indicated for the period 1970-1990 based on the 
future level of the national economy, industrial growth in the region, air pollution abatement regulations, fuel transportation 


cost, the price relationship of various fuels, regulatory restrictions, and the quantities of energy interchanged with other 
regions. 
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TABLE 1 
West Central Region—Coal Reserves 


(In millions of short tons) 


Coal reserves January 1, 1960 ! Coal reserves January 1, 1968 Recoverable 

Date of Estimated original reserves Date of Estimated original reserves Reserves depleted to January 1, 1968 J an. 1, 1968 

publication | ——————— publication §=_—AA a uming 

of estimate Bitu- Subbitu- of estimate Bitu- Subbitu- Cumulative Prod.plus Remaining 50 percent 

minous minous  Lignite Total minous minous Lignite Total production loss in reserves recovery 
coal coal coal coal mining 
Mlinioisaes: eee ee eee eS 1O5See ee 21375329) een ee eee 137,329 619535. 2-252 4140700 feee ee oe eee 4140, 700 7 187 374 140, 326 70, 163 
OWA Oe eee eee a ae ene coee e 1909 Mee es. as D9 AGU, = ate «tebe ae ne aera 29,160 5 1965.-.-_-.- TA DST Aen aoe eee oe na 7, 237 361 722 6, 515 8, 257 
IMisSoUnitr ese ee re Sete es oe NOD Re eee Pe 19302: 5 Sern ee eee eee 79,3628 1967-ceee ses 23,977 eeoe. ee een eee 23, 977 313 626 23, 351 11, 675 
INO DEASK R= eee sae Sosa oe eee eee MvaCO2 Be . Stee te eee oe ee ee aeons Trace on Seen de ae sae oe bse eR cee 2 poe Ee Ne Ee ER Be SOS a ee a ee 
quantities quantities. 

Montana (Eastern Quarter) 32_-.22_.2. = 1949)... _-22.-25--22- 401005 128,820, 9 55 168,920) 19492 eee oes eee eae 40,100 128,820 3 169, 080 82 4 169, 076 84, 538 
NontidDak Ota tacos ate ee ee eee IOs es, Se le ee eae ee eee 350, 910 360;:910) 195322 Seo eee ne eee Soeeee eae ee 350,910 350,910 116 232 350, 678 175, 339 
South Dakotas: see ese eee Rees ee 19525 eee eee one aes See eeeens 2, 033 2/083 91952)" ease esc ee ea eee 2, 033 2 O83HS oR ass] see eee eee ae eee 2, 033 1,017 
Wyoming (Northeast Corner) 3__--.-.-- NQ50 Sees c ee eee 47 S444 TT oes a 3 3.47, 4442 1950 Leos see scees Bee en eae 47,444 347,444 813 26 47, 418 23, 709 
WViiNMeSOLA Ia VKelSCONSIN mas ae Senne eer eee eee 0 0 0 Oe eee see ne 0 0 0 OME ts ia a eee 
TRotalaveste@ eM tra lukteg Olesen see ae aes eee ee eee eee ee ere CU US oo dee cose soc tos seee ee Sosa = aabaceicss 741, 381 992 1, 984 739, 397 369, 698 
BN Ot clive ds S bates saee cement eeee e ea SLD FO Ose re ae eta ee ae 9 3, 785 7,570 101, 575, 412 787, 706 
Wiestie entralekegiomas Cel Celt jem ame ee ee ees 474 onc eee es Sh eles ce euabaacees veces eee os Soon Ree oe ee, See eee 46.9 


of Total U.S. 


Remaining Coal Reserves January 1, 1968 by Rank and Sulfur Content 1! 


Sulfur content, percent Total 
Coal rank —— ss  ——_ remaining 
1.0 or less 1.1-2.0 2.1-3.0 3.1-4.0 Over 4.0 reserves 


Bituminous: 
Dllin oist=s aa ee Os Seen ra ee Ce eee Se ee oe 121, 656 23, 869 94, 963 19, 838 140, 326 
MON 2g ot pei TE cet Pel IOs le pd eR pe ae ee RIN Ree tI nt ch a eR a ee 2 EE ae 117 6, 398 6, 515 
MUSSOUT 1 aie eee ae ee en cys ea a anno ae Cth re Re re 8, 220 15, 131 23, 351 
Subbituminous Coal: 
Montana (Eastern Quarter)_-.._....-------- AQ S100 ene bse ety ees se ha ee ee ee re RE 40, 100 
Wyoming (Northeast Corner)_-.------------ 47 A180 eo re toe etches ae oe a mea ee 47,418 
Lignite: 
Montana (Eastern Quarter)._...-.---.------ 12851976) sos ees ee ee ee a ee en ee 128, 976 
INonth Dakotas .as8- 222s. eee oe eee 319, 096 S15 682) See eae See ee eee ee 350, 678 
South Dakotas... ea erences 22083 esc S 8 Oe ee ere ree eS eee Sete zee 2, 033 
Totals ae ee Fe Ee SBS. SI 537, 623 33, 238 23, 869 103, 300 41, 367 739, 397 


Percentiot totals saase-... 2 oes ee see (PAE 4.5 one 14.0 5.6 100. 0 
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1 Footnotes in detail appear in source material, ‘Coal Reserves of the United States—A Progress 
Report January 1, 1960’’ (Geological Survey Bulletin 1136). 

2 Remaining Reserves January 1, 1950. 

3 Remaining Reserves January 1, 1964 based on A. E. Ward Report of Fossil Fuels Missouri 
River Basin. The Reserves indicated are only for counties in FPC West Central Region. 

4 Remaining Reserves as of July 1, 1965. 

5 Coal Resources of Iowa by E. R. Landis & O. Van Eck, 1964. 

6 Coal Resources of Missouri by W. V. Searight, 1966. 

7 Production 1965 through 1967 only. 

8 Production 1964 through 1967 only. 

® Production 1960 through 1967 only. 


10 Based on Remaining Reserves as of i anuary 1, 1960 of 1,660,290 million tons less production 
and mining losses through 1967 and reduction of 55,385 and 21,923 million tons in Missouri and Iowa 
reserves respectively. 

“Sulfur Content of United States Coals’? (U.S. Bureau of Mines Information Circular 8312, 
1966). 

12 Low Sulfur Coal in Illinois by Jack A. Simon, Illinois Geological Survey, 1966. 


NOTE. The present estimates of coal reserves are only provisional estimates and are subject to 
change as mapping, prospecting and development are continued. The amount of data available on 
the sulfur content of coal reserves in United States is inadequate for any realistic evaluations of 
“availability”. 


TABLE 2 


West Central Region—Coinsumption of Coal for Electric Generation 


1961 1966 
Consumption Cost (cents) Consumption Cost (cents) Average 
per million ————__—_—___ peer million sulfur 
Coal BTU btu as Coal BTU btu as content, 
tons (billions) burned tons (billions) burned percent 
UC 19, 991, 000 431, 746 24.8 27, 599, 000 589, 984 23. 6 2.8 
WNASCOMSIN Gt et os te ss 5, 076, 000 P2595) 3156 7, 605, 000 181, 159 2987 2.4 
IVEISSOULIN SE Dette. oes es 3, 737, 000 81, 358 22. 4 5, 837, 000 ORY, 223510) a) BuO 
Powers eel ie foe... 1, 922, 000 40, 128 27h 2, 841, 000 60, 366 Dihok Baik 
Is bunvaVestoX Ey Geo oe eee 2, 819, 000 62, 325 HQ) 4, 558, 000 101, 084 30. 9 YESS, 
INocth’ Dakota... ....-.- 1], 140, 000 15, 681 27.3 1 1, 946, 000 26, 722 314.6 AK} 
South Dakota........... 1240, 000 Shee | 30. 0 1 218, 000 a WL 3053 .8 
INEDEAGK A es. ke 215, 000 5, 336 231.4 418, 000 10, 234 S0F2 Ose. 
Total West 
Central Region. 35, 140, 000 763,720 Avg. 26.30 51,022,000 1,098,676 Avg.°25. 16 Avg. 2.8 
Increase in Coal Consumption for Generation in Decrease in Average As Burned Coal Cost in five 
meer eateperiod 1961-1966 «p05 bo. oss chan be oars 45. 20% Wear pcriod 1961-1906 iin citns Pint phe Sine 4.53% 
Average Annual Increase in Coal Consumption 
RM OECL MUON eg se os see ne Gh ties Ses ims 1 Fal SE Average Annual Decrease in As Burned Coal Cost. 0. 926% 
1 Lignite. 


2 1961 price not available, therefore, 1962 price was used. 
3 Based on cost reported on 1,609,000 tons in West Central Region Fuel Survey. 


Source: National Coal Association, Steam-Electric Plant Factors 1961 & 1966. Federal Power Commission, Electric 
Power Statistics, monthly. U.S. Bureau of Mines Information Circular 8312, 1966. 


The natural gas reserves in the West Central Re- _— miles or 67 percent of the State’s area in 78 coun- 
gion as of December 31, 1966 amounted to 1.33 ties of the 102 counties in Illinois. The minimum 
trillion cubic feet or less than one percent of the thickness of coal considered in preparing this es- 
total reserves in the United States. Based on the timate was 28 inches, except for areas of strippable 
projected United States cumulative natural gas coal where an average thickness of 18 inches was 
requirements for the period 1966 to 1990 of 680 used. 
trillion cubic feet the reported reserves of this Coal seams in Illinois are at depths ranging from 
region could supply only 0.20 percent of these a few feet to several hundred feet below the surface. 
requirements. Ages ago, the coal bearing formations were down- 

The oil consumption in the West Central Region folded into a huge spoon-shaped basin centered in 
represented less than one percent of the total fuel the southeastern part of the State. As a result, the 
consumption for the region. The crude oil and beds minable by underground methods lie at the 
natural gas liquid reserves in the region amount center of the basin while along the outer rim in a 
to 0.813 billion barrels or approximately 2 percent total of 40 counties, approximately 19,000 million 
of the total liquid hydrocarbon reserves in the tons of strippable coal lie near enough to the surface 
United States. to be recovered by strip mining. 

In the State of Llinois as of July 1, 1965, the Tonnage figures alone, however, cannot demon- 
latest revised estimates of coal remaining in the strate the full importance of Illinois coal reserves. 
ground totaled 140,700 million tons in reserves, of The thickness of the beds is also extremely impor- 
which 63,900 million tons are classed as measured tant since this aspect has a bearing on mining 
and indicated and 76,800 million tons as inferred, methods and, therefore, productivity. Most of the 
all of which is of bituminous rank. The reserves remaining coal reserves are in coal beds thick 
are well distributed over an area of 38,000 square enough to permit effective mechanical mining. 
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The estimated original coal reserves of Iowa total 
7,236 million short tons, of which 3,500 million tons 
are classed as measured and indicated reserves and 
3,735 million tons are classed as inferred. A total 
area of about 1,316,040 acres in 37 counties was 
included in the reserve calculations; an additional 
area of about 1,291,830 acres in 44 counties is in- 
dicated by the currently available information to be 
favorable for the presence of coal beds more than 14 
inches thick. The total recorded coal production of 
Iowa through 1963 is about 356 million tons. As- 
suming that for each ton of coal produced another 
ton has been made unrecoverable, the remaining 
reserves of the State are about 6,524 million tons. 

Past estimates of the coal resources of Iowa were 
highly generalized and were based solely on an 
assumed total area underlain by coal of potential 
economic interest and on an assumed average thick- 
ness of coal within that area. The estimate of 
Campbell and Parker (1909), the most frequently 
quoted, of 29,160 million tons included coal 14 
inches or more thick in an area of 12,560 square 
miles. The present detailed estimate by Landis 
(1965) is smaller than the older generalized esti- 
mates and covers a much smaller area. This esti- 
mate of Iowa coal reserves is on a bed-by-bed 
original reserve basis. The ratio is about one-fourth 
as much reserves in about one-sixth as much area. 

About one-third of Missouri is underlain by 
bituminous coal-bearing strata, and coal has been 
mined in 55 of the 63 counties in which it occurs. 
Coal deposits occur in an area of some 24,000 
square miles extending northeastward across the 
State from Jasper County to Clark County. The 
estimated original coal reserves of Missouri total 
23,977 million tons. 

In the years since the Hinds (1912) estimate of 
79,393 million tons was made, stratigraphic studies 
have indicated that many of his correlations of coal 
beds were in error and that the persistence in thick- 
ness which he assumed cannot be demonstrated in 
many localities. Coal beds thin and thicken from 
one area to another and in many instances in very 
short distances. An additional factor of consider- 
able importance in the area north of the Missouri 
River is that glacial drift occupies the position of 
coal beds in many places. Details of this relation- 
ship can be established only by drilling or mining 
but, in general, considerable areas are affected. 

A re-evaluation of Missouri’s original (before 
mining) coal resources was made by Searight 
(1966) on a county-by-county basis. Current infor- 


mation does not support the large resources indi- 
cated by Hinds, and these have consequently been 
adjusted downward. In some cases, only 10 percent 
of the previous estimate has been retained, and 
others have been cut to as litttle as one percent 
of the earlier estimate. The total tonnage repre- 
sented in the present estimate of 23,977 million tons 
is less than one-third that of 1912 estimate figures. 
The total cumulative tonnage mined in the period 
1840 through 1967 has been approximately 313 
million tons. The coal remaining is, therefore, esti- 
mated to be approximately 23,335 million tons. 

The original coal reserves of Montana total 
222,047 million tons as estimated by Combo and 
others (1949). This estimate includes 2,363 million 
tons of bituminous coal, 132,151 million tons of 
subbituminous coal, and 87,533 million tons of 
lignite. The reserves were estimated according to 
standard procedures of the U.S. Geological Survey 
with several minor exceptions as follows: for 
bituminous coal the thickness categories used were 
14 to 24 inches, 24 to 36 inches, and more than 
36 inches, instead of the standard categories of 
14 to 28 inches, 28 to 42 inches, and more than 42 
inches, which were established after the Montana 
work was underway. For subbituminous coal and 
lignite standard categories of 24 to 5 feet, 5 to 10 
feet, and more than 10 feet were used. The Mon- 
tana coal fields cover 35 percent of the total area 
of the State. Reserves are present in 35 out of 56 
counties, but are concentrated largely in the Fort 
Union region and the Powder River Basin in the 
eastern part of the State. Big Horn, Powder River, 
and Rosebud Counties alone contain more than 
half the total in the State. For the past several years 
considerable exploration has been conducted by 
mining and petroleum companies and currently 
(April 1967) revised estimates indicate the presence 
of deposits of strippable reserves totaling about 
8 billion tons. 

The original lignite reserves of North Dakota, 
as estimated by Brant (1953), total 350,910 million 
tons of which 9,522 million tons are classed as 
measured, 50,120 million tons as indicated, and 
291,268 million tons as inferred. The reserves were 
estimated according to the standard procedures of 
the U.S. Geological Survey. All the lignite included 
in the estimate is less than 1,200 feet below the 
surface and about 70 percent of the total reserves 
are less than 500 feet below the surface. 

The reserves are well distributed over an area 
of 28,000 square miles in 23 counties in the western 


ItJ—2-20 


half of the State. Of several counties with large 
reserves, Dunn County is conspicuous in containing 
71 billion tons or about one-fifth of the State total. 
This is also the record reserve tonnage for coal-bear- 
ing counties in the United States. _ 

The original lignite reserves of South Dakota, as 
estimated by D. M. Brown (1952), total 2,033 mil- 
lion tons, all of which is less than 1,000 feet below 
the surface. The reserves were estimated according 
to standard procedures of the U.S. Geological Sur- 
vey. The lignite reserves are concentrated in six 
counties in the northwestern part of the State. Hard- 
ing County contains nearly 84 percent of the esti- 
mated reserves, but most of past production has 
been obtained from Dewey and Perkins Counties. 


Inventory of Fossil Fuel Resources 


During the period 1970-1990, electric generation 
will be dependent upon five basic forms of en- 
ergy—coal, gas, oil, hydro, and nuclear. This report 
is concerned primarily with fossil fuels. The avail- 
ability of approximately 370 billion tons of recover- 
able coal reserves in the West Central Region as 
shown in Figure | and listed in Table 1 are more 
than sufficient to meet the electric utilities’ require- 
ments through the year 2000. Coal, however, will 
be faced with continuing pressures from other forms 
of energy, and based on present trends the most 
significant competition will be from nuclear energy. 

In determining the type of fuel to be used for 
electric generation a number of factors have to be 
reviewed and evaluated, each of which will have a 
bearing on total fuel costs for any one location. The 
cost of transportation, anti-air pollution devices, 
storing, handling and disposing of the fuel product 
are economic factors which can make a low cost 
fuel the most expensive fuel. Therefore, while a 
general picture can be drawn of the availability and 
price of fuels, the final determination in selecting a 
fuel or fuels for a particular plant must be based on 
the specific facts pertinent to that plant and its 
location. 

During the past twenty years the coal industry 
has contributed a great deal to the stability of fuel 
prices. Mechanization of the mines has enabled the 
industry to either reduce or at least maintain within 
reasonable limits the price of its product, in spite of 
continuing increases of over-all price indexes. Dur- 
ing the period 1970-1990 it is expected that there 
will be continuing improvement in the mechaniza- 
tion and handling of coal at the mine. Some of the 
new developments in underground mining in recent 


years have been the use of a mobile bridge con- 
veyor which has increased the productivity from a 
continuous miner substantially, the underground 
push-button miner, the installation of long wall 
mining equipment, and the application of computer 
simulation techniques. 

Although coal is available in sufficient quantities 
in the West Central Region to supply the entire 
energy requirements of the electric utilities in this 
region, competition will determine the extent to 
which coal will penetrate each market. 
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FIGURE 1 
Coal Price F.O.B. Mine 


A fossil fuel survey questionnaire was sent to 
twenty-six electric utilities which consume approxi- 
mately 90 percent of the coal used for electric 
generation in the West Central Region. The ques- 
tionnaire inquired as to producing district, tonnage 
burned, f.o.b. mine price, average BTU per Ib. re- 
ceived, cents per million BTU f.o.b. mine, methods 
of transportation used, freight rate, haulage dis- 
tance, and tonnage per shipment. 

Table 3 compares the 1961 f.o.b. mine prices 
listed in the 1964 National Power Survey and the 
1966 f.o.b. mine prices reported by the electric 
utilities in this region. Although coal was reported 
purchased from nine coal producing districts, on 
tonnage obtained from District 10 (36 million tons 
of 46 million tons reported in the survey) the 
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TABLE 3 


West Central Region—Fossil Fuel Survey, Coal Consumption and F.O.B. Mine Price 


Weighted average cents per % 
Coal producing district ! Tonnage million B.t.u. f.o.b. mine Increase 
in price 
1961 survey 1966 survey 
ei eegene ints auras date = ibaa yc eat oie acer 2°12, 141 16. 49 17.39 
Ahi INTs PUL ceo ee ae, Re eee eer 2 553, 460 15220 16.39 9. 
Su vrnnderks cas aperiteihe the seer 2 165, 681 14. 34 17.96 = 
Os oe satin de. tie 2 ea ay spa ae oS ec eee 4, 412, 950 12. 56 15.97... «se Oe 
UO) 7s wipithe issn. pis whsear sien are ase he te align Beton perio esG 36, 424, 000 15. 03 16. 56 10. 18 
Tie, aienset os Gustodtec mee as nae selene ee 2°14, 774 15. 56 16.14" °c bee 
JD FAS re is ey ae ao aoe eee reer ae 25635, OOM WA eer eam 19, 84 (aS 
Ses ube sl Sos Seeger era ee ie ee eee 2, 077, 0002 TD eee Ae 19,17' 9 22 ee 
DYE oo parses mctiras aA sigh ieee Rona eae ewe rae 1; G44, OOO jest correo ieee sepia ae 12.53... \. cece 


45, 939, 000 


eee ee ee ee eC Cee eC ee ICCC Me ter Ch Oe 


1 Definitions of the coal producing districts are listed on page I[I—2-41. 


2 Less than 1,000,000 tons. 


Nore. Average Annual Percentage Increase in Cost of District 10 Coal in Five Year Period 1961 to 1966, 1.92%/year 


average price has increased from 15.03 to 16.56 
cents per million BTU or an increase of 10.18 per- 
cent. The average annual increase in the cost of 
District 10 coal in the five year period 1961-1966 
amounts to 1.9 percent per year. Due to the less 
significant tonnages reported in relationship to ton- 
nage produced, a comparison of the price increases 
for coal obtained from other districts is not shown. 


Fuel Transport 


In the past, rail transportation has predominated 
in the movement of coal in this region, and within 
recent years the cost of coal transported by rail 
has been reduced substantially on selected move- 
ments of coal shipped by unit train. 

Table 4 presents the type of transportation used 
for the 46 million tons reported in the survey. Of 
this total tonnage, approximately 10 million tons, 
or 21.8 percent were shipped by unit train, 
12,200,000 tons, or 26.6 percent were shipped by 
rail-barge, and 5,280,000 tons, or 11.5 percent were 
shipped by rail-lake. 

The present planned requirements of electric 
generating plants indicate that between 1970 and 
1975 approximately 17,000,000 tons will be shipped 
by unit train or an increase of 7,000,000 tons. How- 
ever, by 1975 coal transported by conveyor will in- 
crease from 2,000,000 tons to 9,000,000 tons, or an 
increase of 7,000,000 tons and coal transported by 
captive shuttle train will increase by 4,000,000 


TABLE 4 


West Central Region—Fossil Fuel Survey, Coal 
Transportation Data 


Tonnage Q of total 

Type of shipment shipped tonnage 

shipped 
LOpevtid Bectbelnnann ono hugh eos vas 10, 040, 000 21.8 
Drain 0b. oie ea ee 2, 060, 000 me 
Wolume) Wate saree eee 3, 795, 000 toe) 
Conventional Rail:.........: 2, 998, 000 Gr) 
Barge sire MOP ee, oes oie ree 4, 127, 000 9.0 
Rail-Barge Saeed scree eee 12, 216, 000 26.6 
Rail Laker. 3m oo Se eee 5, 278, 000 WS 
Peck ’s.5,6 api ap cy eae ae 3, 146, 000 6.8 
CONVEY Olga eee 2, 144, 000 4.7 
Goal*Pipelines Mee et ee nee 
Other iA eee ee. BE 135, 000 0. 3 
Lotalonnave-erreeae 45, 939, 000 100. 0 


tons. During this period the amount of coal shipped 
by conveyor and captive shuttle train indicates an 
increase of 11,000,000 tons versus a 7,000,000 ton 
increase for unit train shipments. 


Rail Transportation Cost 


The average rail freight cost in the West Central 
Region for coal shipments in 1966 amounted to 
$1.97 per ton on a tonnage of 23,500,000 tons, or ap- 
proximately 46 percent of the coal consumed in this 
region. 
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The unit train freight rates reported in the survey 
when compared on a basis which considers railroad 
ownership of all equipment indicates that the mills 
per ton mile range from 10.3 mills per ton mile 
for an 85 mile haul to 7.2 mills for a 138 mile haul 
and down to 5.0 mills for a 355 mile haul. 

Figure 2 illustrates the curves shown on page 
338, Part II of the 1964 National Power Survey 
prepared by the previous Fossil Fuel Committee 
and a plot of present unit train rates which indi- 
cates that mills per ton mile for shipments between 
85 and 355 miles is slightly higher than rates pro- 
jected at that time for 1980. It is interesting to note 
that the unit train rates reported are not less than 
5.0 mills and the longest haul reported was 355 
miles. 

Past projections indicated that unit train freight 
rates could level out at a cost of 4 mills per ton 
mile for hauls between 350 miles and 600 miles. 
However, no hauls of 400 to 500 miles at 4 mills 
were reported. 

A 4 mill per ton freight rate, when applied to coal 
that averages 11,500 BTU/Ib., amounts to 7 cents 
per million BTU for a 400 mile haul and 8.7 cents 
per million BTU for a 500 mile haul. This freight 
cost added to an average f.o.b. mine price of 16.5 
cents per million BTU for coal shipped from the 
District 10 (which represented approximately 72 
percent of the coal consumed in the West Central 
Region) would result in an as-received cost of 23 
to 25.2 cents per million BTU which is slightly 
above recent projected breakeven costs for nuclear 
energy. 

The inability of the utilities to obtain a lower cost 
than 5 mills per ton mile is perhaps substantiated by 
the fact that as of the present date between now 
and 1975 approximately 10,000 megawatts of nu- 
clear capacity is planned or considered for installa- 
tion in the West Central Region. 

Based on discussions with railroad representa- 
tives in this region, it is their judgment that the 
cost of rail transportation in the period 1980-1990 
on unit train shipments of coal will be approximately 
4 mills per ton mile on hauls greater than 300 miles, 
and some are optimistic that with improvements in 
rail technology the cost during this period will pos- 
sibly be lower. 

The railroads presently, however, are not con- 
cerned as much with the level of future rates but, 
based on the proposed stringent air pollution laws, 
whether or not there will be market for most of the 
coal in its present form. 


RAILROAD COAL TRANSPORTATION RATES 
ASSUMES OWNERSHIP AND OPERATION OF TRANSPORTATION 
EQUIPMENT BY RALROADS 


16 AVG RAIL RATES- APRIL (963 
EAST OF MISSISSIPPI 
RAILROAD COMMITEE 


RECENT VOLUME RATES - 1963 
ie RAWLROAD COMMITEE 


_-——-— 1980 VOLUME RATES 
(NPS FUELS COMMITEE PROJECTION) 


———— — REPORTED 1966-1970 UNIT TRAIN 
RATES IN THE WEST CENTRAL REGION 


TRANSPORTATION COST- MILLS/TON MILE 


100 200 300 400 500 600 700 800 
DISTANCE FROM MINE-MILES 


FIGURE 2 


Illinois Coal Reserves * 


As of July 1, 1965 the latest revised estimates 
of coal remaining in the ground totaled 140,700 
million tons in reserves, of which 63,900 million 
tons are classed as measured and indicated and 
76,800 million tons as inferred, all of which is of 
bituminous rank. 

The minimum thickness of coal considered in 
preparing this estimate was 28 inches, except for 
areas of strippable coal where an average thickness 
of 18 inches was used. Coal underlying large towns 
was not included; nor was coal underlying known 
oil fields and areas of closely spaced rotary drilling, 
except for an area of Franklin County, where such 
drilling was done in close cooperation with active 
mining. About 90 percent of the estimated reserves 
is less than 1,000 feet below the surface; the re- 
mainder is between 1,000 and 1,200 feet below 
the surface. 

The reserves are well distributed over an area 
of 38,000 square miles or 67 percent of the state’s 
area in 78 counties of the 102 counties in Illinois 
and are listed by county in Table 6. 

Lying within the Pennsylvanian System or “Coal 
Measures” of Illinois are perhaps 40 to 50 coal 
beds. These beds vary in thickness from thin streaks 
to more than 12 feet. About 20 of them have been 
mined in various parts of the state at one time or 
another during the past 85 years. At present, the 
Herrin (No. 6), Harrisburg (Springfield) (No. 5), 


* Based on information and data obtained from Jack 
A. Simon, Geologist and Head of the Coal Section of 
the Il]. Geological Survey, 1967. 
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Danville (No. 7) and the Colchester (LaSalle) 
(No. 2) beds are most important commercially. 

Studies by the Illinois State Geological Survey in- 
dicate that these same beds also constitute most of 
the reserves of the state; Herrin (No. 6) 63,000 mil- 
lion tons or 44.8 percent, Harrisburg (No. 5) 40,000 
million tons or 28.6 percent, Colchester (No. 2) 
18,200 million tons or 12.9 percent, Danville (No. 
7) 7,800 million tons or 5.6 percent, all other beds 
11,400 million tons or 8.1 percent. 

Tonnage figures alone, however, cannot demon- 
strate the full importance of Illinois’ coal reserves. 
The thickness of the beds is also extremely important 
since this aspect has a bearing on mining methods 
and, therefore, productivity. 

Table 5 indicates that most of the remaining coal 
reserves are in coal beds thick enough to permit 
effective mechanical mining. Coal seams in Illinois 
are at depths ranging from a few feet to several 
hundred feet below the surface. Ages ago, the coal 
bearing formations were downfolded into a huge 
spoon-shaped basin centered in the southeastern part 
of the state. As a result, some beds at the center of 
the basin lie at depths in excess of 1,000 feet while 
along the outer rim approximately 19,000 million 
tons of strippable coal as listed in Table 7 by county, 
Table 8 by bed thickness and Table 9 classified by 
beds, lie near enough to the surface to be recovered 
by strip mining. 


TABLE 5 


Estimated Remaining Coal Reserves of Illinois 
as of January 1, 1968, by Thickness Category 


(In millions of short tons) 


Reserves 

Thickness of bed measured, 

(inches) indicated 
and inferred 
LS cto 2 Or dence sesame eT Peon eee 3, 500 
2B tO SOR renee ee oe een tee 25, 477 
36°10 AGS 6 cae. «chic Regie ARG nee eee a 44, 003 
ASTOR Deyo ertats FOC ee ee 45, 932 
T2ELO IGF epee tao oe CTT Re Eee 20, 250 
Moresthant 96m neo aoe cine oe ese meee: 1, 163 
eLotalaswi it. Aya. Cin eet ic Pateh th nog tte 140, 325 


In all calculations the coal was assumed to weigh 
1,800 tons per acre-foot. Where data permitted, 
isopach lines were drawn on the coal beds at 28 
inches, 42 inches and at succeeding 1 foot intervals; 
and reserves were calculated in each of these cate- 
gories. Strippable reserves were based on a lower 


thickness limit of 18 inches, the average thickness 
values and isopach intervals used are the same as 
those used in the study of minable coal reserves of 
Illinois by Cady and others (1952). 


TABLE 6 


Estimated Illinois Coal Reserves by County * 


(In millions of short tons) 


Remaining coal 
reserves as of 
Jan. 1, 1968 ? 
County Total 
Class I? Class II? reserves 
measured inferred 


& reserves 
indicated 
Adams), scat Peek are 272 347 619 
Bondse newts ee 1, 831 925 2, 756 
BLOW NG ee ee 267 118 385 
Bureausecae ores ca ee 1, 124 875 1, 999 
Gasset a: Ae ees 103 396 499 
Champaignijes saree eee 182 182 
Ghristiabaeereete ore 2, 958 1, 898 4, 856 
Galhounsyss- ere 1D) pays Be ee 15 
Glark eee. creer ater 168 1,051 1, 219 
Clay) . phi ares. ere ion So ees 1,619 1,619 
Clinton #4*.4: Sanne 15325 2, 463 3, 788 
Coless. ere ae 81 275 356 
@rawtfoccinneea cee 443 1, 963 2, 406 
G@umberland=-ae ee 4 333 337 
DEW itties an a thn loci dtr ene 174 174 
Douglas. x. gars ae 398 315 113 
Edgar (sts. ata neoctatee 1, 750 1, 242 25992 
Edwardsits. cs) sine abc e Gee ene 1, 134 1, 134 
Effoghan (loco. azes tee ee 1, 786 1, 786 
Payette. inc. ptonn nese 1, 174 2, 056 3, 230 
Pranklineemcr cae 3, 689 1, 314 5, 003 
Bulton so eee 1, 885 126 2, 011 
Gallatint 3432-8 eo 1, 949 2,019 3, 968 
Greeneweumiictss ete ae 452 146 598 
Grundy... .. ete ce ees 384 445 829 
armiltoneeeer eer 2, 423 2, 341 4, 764 
iElancocksnecer er tier 29 1 30 
Harding) .5.. anges. oe eee 4 4 
Henderson: 5.60 seme o aes eee 53 a3 
Henry dog maser oad 435 463 898 
Jacksotirt ew sae inte: 462 169 631 
Jasper iia fae do ch pees aemgareeran 3, 20 Dy 2h 
Jefhersons. vosun. 7 ee: 1, 750 3, 020 4,770 
Terseyse27, iRise teats 129 150 219 
Kankakee ancien tae 82 19 101 
Knox a cee rae 1, Da 336 1557 
LaSalle... eee ee 1, 284 742 2, 026 
lcawrencesea ieee 894 2,057 29k 
Livingston gis: «201 aes 593 2, 386 2, 979 
Loganyty. soncue eer an 627 1, 962 2, 589 
McDonough? a2... 0c 353 231 584 
Meléan-nit-gen.evameten 421 795 1, 216 
IMAC OnE orcs 293 rood Tooz 


See footnotes at end of table. 
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TABLE 6—Continued 


Estimated Illinois Coal Reserves by County '— 


Continued 
(In millions of short tons)’ 


Remaining coal 
reserves as of 
Jan. 1, 19682 


County Total 
Class I3 Class II? reserves 
measured inferred 
& reserves 
indicated 

IMAC OUPIN as cho ans. 3, 613 2, 854 6, 467 
INFAGISON Biggs AMbacles cis 3 1, 791 796 2,097, 
INTATIOIME Re altae See ess 3 426 539 1, 965 
Miarstvalle sees... 399 806 1, 205 
INAS ODMMREN Sider. x Cwicuele +, 5.5 exons 23 23 
Mien arder snr: Gat aSl 3 «ss iS S27 750 250771 
Is KOK eye JN A ne 48 23 71 
IM OTROS a Ae Tirana Bs ag 7 
Montgomery.......... 3, O27 1, 596 Sy, Sue 
AUS 184 1, 376 1, 560 
INOUE ses eee. 55 ares 123 232 355 
RSC nc ak eee 1, 651 663 2, 314 
CEES EM) wos witch ish < +s 2 1, 889 666 DOSE 
Piet Met ch Lap clsraiius 6 wcxesicie oe 11 1] 
PIKCM ec ee sc eas 11] 33 144 
PAUHULI ATMs, os cei sac isves.sce 589 155 744 
Randolph. «xis ae 2s - 600 18 618 
Richliandemrrn oe 0 Me bhe oes Aa 2, 124 2, 124 
Rrocksisland san) fsciaye.2 39 23 - 62 
Sis (CHARS Gia. o Cte 1, 725 69 2, 894 
Salimenmrn on atc ces. so 3, 095 iis aye 4, 252 
Danpamon Awe! .:..... 3, 009 2, 844 5, 693 
DEMUY ICL Ae PP es. o 634 78 712 
Se ee 171 55 226 
Sains, ee ae 239 279 518 
Weyl, 6p to oe eee 102 224 326 
Wiermiiitome. see ses ass 1, 884 537 2, 421 
Wal bas lire airs store cisusetus 24 1, 164 1, 188 
IWiGEreneee ie pieb. tisciny= + 2 NE) 184 403 
IWASDING CON: 2620. - 1, 560 2, 553 4,113 
\WYESRONS> 0-3 ions Bie renee Soe ener 4, 050 4, 050 
\Wnitite, 39'S Saino eee 583 4, 092 4, 675 
\Whlllo.s Gig gn 2) eee eee 20 
Walliamson’. .....-..- 2, 033 1, 046 3, 079 
Wroodfords.Jyc0G8 f.. 64 214 960 1, 174 
Ota epee vega ot 63, 504 76,847 140, 351 


1 All reserves were calculated based on coal in beds more 
than 28 inches thick except strippable reserves were based 
on coal in beds more than 18 inches thick. About 90 percent 
of reserves are less than 1,000 feet below the surface; the 
remainder is between 1,000 and 1,200 feet below the surface. 

2 Based on Illinois Geological Survey: Bulletin 78 Minable 
Coal Reserves of Illinois by G. H. Cady and others, 1952. 
Circular 312 Subsurface Geology and Coal Resources of 
the Pennsylvanian System by K. E. Clegg, 1961. Strippable 
Coal Reserves of Illinois: Circular 228 (1957), Circular 
260 (1958) & Circular 311 (1961) by William H. Smith. 


lowa Coal Reserves * 


The estimated original coal reserves of Iowa total 
7,236.54 million short tons, of which 3,500.72 mil- 
lion tons is classed as measured and indicated re- 
serves and 3,735.82 million tons is classed as 
inferred. A total area of about 1,316,040 acres in 37 
counties was included in the reserve calculations; 
an additional area of about 1,291,830 acres in 44 
counties is indicated by the currently available in- 
formation to be favorable for the presence of coal 
beds more than 14 inches thick. The estimated orig- 
inal reserves are summarized by county in Table 11. 

Also listed in Table 11 is the total area of the 
county underlain by coal included in estimated re- 
serves and the additional area within each county 
that the available information indicates to be favor- 
able for the presence of coal beds 14 inches or more 
thick. Reserves were estimated in 37 counties; 7 
additional counties are listed in which no coal re- 
serves could be estimated but which contained 
favorable areas. 

The total recorded coal production of Iowa 
through 1963 is about 356.28 million tons, Assum- 
ing that for each ton of coal produced another ton 
has been made unrecoverable, the remaining re- 
serves of the State are about 6,524 million tons. 
Again assuming 50 percent recoverability in the 
future, the recoverable reserves of Iowa, estimated 
and categorized by individual bed, are about 3,262 
million tons. 

The total area of Iowa underlain by rocks of 
Pennsylvanian age is variously cited as 24,250 
square miles (Lees, 1927a, p. 74), 19,000 square 
miles (Hinds, 1909, p. 30), 20,000 square miles 
(Keyes, 1894, p. 33) and 23,100 square miles (Av- 
eritt, 1961, p. 58). An assumed area of about 20,000 
square miles would appear to be a conservative 
estimate. The reserves estimated in the present study 


Circular 348 (1963) by William H. Smith and Dwain J. 
Berggen. Circular 374 (1964) by David L. Reinertsen. 
Information obtained from Jack A. Simon, Geologist and 
Head of the Coal Section of the Illinois State Geological 
Survey on coal reserve studies to be published in 1968. 
Annual Coal, Oil and Gas Reports of Illinois Department 
of Mines and Minerals 1950 through 1967. 

3 Class I is equivalent to proved Class I-A and probable 
Class I-B, Class II is equivalent to Class II-A strongly 
indicated and Class II-B weakly indicated categories for 
coal reserves compiled by G. H. Cady (1952). Class I is 
approximately equivalent to “‘measured and _ indicated” 
category and Class II is approximately equivalent to 
“inferred” category of the U.S. Geological Survey. 

* Landis E. R., and Van Eck O. J., 1965, Coal Resources 
of Iowa, Iowa Geol. Survey, Tech. Paper No. 4, p. 11-15. 
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TABLE 7 
Estimated Illinois Strippable Coal Reserves by County ! 


(In thousands of short tons) 


Remaining reserves as of Jan. 1, 1968 2 


County Class I ? measured and indicated, reserves Class II inferred reserves, reserves Total, 
at overburden thickness (ft.) at overburden thickness (ft.) Class I & II 
0-50 50-100 100-150 Total 0-50 50-100 100-150 Total 
Adamsvertat! toe eee es eh S: 68, 327 159, 100 44, 259 271, 686 20, 009 169, 415 158, 165 347, 589 619, 275 
BPOW ieee OS Se eee he ee 65, 969 115, 290 86, 466 267, 725 14, 557 45, 325 58, 889 118, 771 386, 496 
IBUTOSUS eo eee ee cee. eee 45, 695 94, 214 92, 107 4 232, 016 19, 258 73, 578 125, 288 218, 124 450, 140 
Cassso ewe alien seat Cae bat) ed os 6, 922 40, 958 55, 301 103, 181 6, 025 35, 103 100, 594 141, 722 244, 903 
C@alhoun-= - = eee 4, 422 4, 759 5, 834 16,018 caeesee dy oo oe ee 15, 015 
Rultonseess 2) esses es See ene 415,115 1,025, 175 483, 418 4 1, 923, 708 29, 678 36, 431 59, 830 125, 939 2, 049, 647 
Gallatin 32 =222@. ese eee Se 39, 447 74, 617 116, 291 230! 300 Ist se eee 718 6, 618 7, 399 237, 754 
GrCCne ie Osh Se eee oe eee 108, 815 180, 528 167, 956 452, 299 25, 743 72, 050 47, 830 145, 623 597, 922 
GU ye ee eee ne ce es ne ee eee 5:350;000 §.c-s222 Qee4t Sones. = ees ae ees 350, 000 
Hancockae: Oe 2 a2 ass res ee Se 11, 887 1, 0S (age eee = 29, 044 112 672 ere eee 784 29, 828 
Hendersones ee es ee a ee ee ee ee ee ee 3, 991 48, 963 157 53, 111 53, 111 
Henrys.) en eee 92, 617 161, 412 116, 318 5 435, 347 4, 031 103, 228 79, 659 186, 918 622, 265 
JaACks0nes. sea cee, Se ee 91, 585 111, 468 97, 264 4 300, 317 44, 659 18, 217 17, 128 80, 004 380, 321 
CUS OV eee ek ee a a See 35, 842 46, 413 46, 760 129, 015 26, 085 31, 313 34, 048 91, 446 220, 461 
Karikakeens st tee. tt eee 2 ene ee ee es ee eee 6 27: 000s. conc ccctesccan tes coe oton eee oe 27, 000 
RpOXS ss et ee ee  e ee e e 432, 356 585, 484 211, 897 1, 229, 737 34, 833 137, 451 164, 178 336, 462 1, 566, 199 
TaSallen ys. = page ae se ee a er ed a eh rt 5/220" 000 ee = 22 5 SE Pee eee oo ee eee eee 5 60, 000 280, 000 
Pivingston 2. . ee 28s0 8 Sos te ee ee ee ee See R45 000). 322525 Se ee ee eee 5 5, 000 50, 000 
Me Donough ee 2 ee eee os 111, 851 238, 568 2, 392 352, 811 27, 900 149, 063 54, 546 231, 509 584, 320 
IMacoupinee: 223-5) 6 ee ae 36, 967 66, 562 100, 712 204, 241 246 19, 835 51, 283 71, 364 275, 605 
Madison: 22. =. ae ee Ae eee 68, 354 217, 838 223, 028 509, 220 3, 228 30, 887 72, 015 106, 130 615, 350 
Marshiall:4-: 42.2 Ses ess Re 9, 276 18, 484 88, 263 116; 028 - ..cicsec oe Recos ae Ree eee 116, 023 
Mer Cer at) ore a a ee see 1, 328 2, 102 387 5 58, 817 3, 206 7; D598 8.2 Si eee ee 11, 165 69, 982 
Monroga2e =e. oe. Se eee ee A ee a OP 726% ASL pee ee ee: 6426: ..62c os 22 Sas oes se eee a eee 6, 726 
Pecriagasia..2 ba ie eee ae 355, 735 720, 882 571, 208 1, 647, 825 43, 358 202, 781 277, 412 523, 551 2,171, 376 
POI y =) oh eee ee ee ee 138, 949 597, 738 281, 110 9 UO APA AS P(e ae 13, 182 14, 662 27, 844 1, 045, 641 
Pike: 48st ee. oe bake ee 43, 678 42, 623 24, 885 111, 186 7, 567 13, 782 11, 866 33, 215 144, 401 
Randolph. 225 S2oA ge See Bes ee 81, 661 178, 456 158, 339 4 418, 456 196 6, 283 8, 934 15, 413 433, 869 
UOC K: S11) Cae nr ee SA See ees os AEE Sy ee ap eR 540000) Geese: =: ees ee eee 40, 000 
St Claires esse e sss. cee ae eee 80, 269 387, 646 738,818 4452067283) - 2 one et oe se eee 1, 206, 233 
Salinewers: 2. Sees. FW AB ee 81, 012 175, 498 263, 047 S619 60 0 cacao eee ane eee 3, 873 3, 873 523, 430 
Schuyler ese. = ee ae ee eee 250, 760 288, 656 96, 788 4 636, 204 18, 644 19, 337 40, 279 78, 260 714, 464 
Scottis 2254-25 ee ee ee 16, 864 106, 477 48, 201 ETS) a See 6, 221 48, 846 55, 067 226, 609 
Star kiseb ese soe ase Pie See re oe 42, 463 156, 092 43, 089 4 241, 644 28, 030 114, 971 136, 666 279, 667 521, 311 
Dazewellss. ss see se Roe eee ae 9, 460 31, 251 61, 471 102, 182 140 16, 394 31, 289 47, 823 150, 005 
Warren! _<). Seek 2 eee tee 75, 461 94, 469 9, 064 5 218, 994 29, 287 130, 492 24, 892 184, 671 403, 665 
Wille 56 Sere 2 Pee Eee eee ee NE Ee Stee Pg Oe 5901000" 2.22.0 Se ee eee 20, 000 
Willianison=sece eee ee eens 114, 532 188, 705 289, 515 592, 752 3, 565 8, 542 8, 811 20, 918 613, 670 
Vermilion: d:elid gare. sss" ee ae 219, 551 268, 858 197, 609 5 686, 018 62, 908 99, 019 61, 782 223, 709 909, 727 
Subtotal of 40 Counties._______- 3,158,896 6,397,480 4,721,297 615,139, 673 457,256 1,611,212 1,696,613 73,883,071 8 9 18, 972, 744 
Possible Strippable Reserves in 35 
Other: Counties: 2 ae ewe BS ee ee te Ey Se eS ae 10 2, 000, 000 
Motaletesse- eee ae 22 SSeS ek ee Se espenesasski. Sesto woe Se season 20, 972, 744 


1 Strippable coal is defined as coal 18 or more inches in thickness that has an overburden thickness of up to 150 feet. 

2 Based on Illinois Geological Survey: Strippable Coal Reserves of Illinois, Circular 228 (1957), Circular 260 (1958) & Circular 311 (1961) by William 
H. Smith. Circular 348 (1963) by William H. Smith and Dwain J. Berggen. Circular 374 (1964) by David L. Reinertsen. Annual Coal, Oil and Gas 
Reports of Illinois Department of Mines and Mineral 1956 through 1967. 

3 Class I is equivalent to proved Class I-A and probable Class I-B, Class II is equivalent to Class II-A strongly indicated and Class II-B weakly 
indicated categories for coal reserves compiled by G. H. Cady (1952). Class I is approximately equivalent to “measured and indicated” category and 
Class II is approximately equivalent to ‘‘inferred”’ category of th U.S. Geological Survey. 

4 Remaining coal reserves based on strip mining production and 80 percent recoverability factor from mined out dates used in surveys. 

5 Includes or indicates strippable coal reserves in surveys that wii be published in detail in late 1968. 

6 862,000 M Tons. Includes strippable reserves in surveys to be published in detail in late 1968. 

7 65,000 M Tons. Includes strippable reserves in surveys to be published in detail in late 1968. 

8 927,000 M Tons. Includes strippable reserves in surveys to be published in detail in late 1968. 

9 Equivalent to strippable reserves of 19,271,504 M tons reported in other summaries less production and mining losses of 298,760 M tons. 

10 Based on estimate by William H. Smith. 
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TABLE 8 


Summary of Estimated Remaining Illinois Strippable Coal Reserves by Average Thickness! 


{In thousands of tons] 


Class I reserves at overburden depths (ft.) Class II reserves at overburden depths (ft.) Total 
Average thickness ofcoal se = 1éu 
0-50 - 50-100 100-150 Total 0-50 50-100 100-150 Total 
Inches: 

[pee et ee eee oe ees oe 227, 597 307, 968 105, 878 641, 443 43, 936 66, 028 46, 257 156, 221 797, 664 
2 pee on ec oen 453, 754 861, 763 408, 156 1, 723, 673 163, 818 578, 589 533,052 1, 275, 459 2, 999, 132 
Se ann 874,615 1,708,437 1,029, 950 3, 613, 002 94, 529 527, 219 717,827 1, 339, 575 4, 952, 577 
We no ue Gon ae ee ee 154, 425 316, 680 331, 874 802, 979 32, 352 274, 812 251, 304 558, 468 1, 361, 447 
i ENE ee ety ek ee 258, 625 321, 941 145, 212 725, 778 2, 903 22, 128 5, 846 30, 877 756, 655 
ESE en ke mcicace 421,974 1,002,395 813, 274 2, 237, 583 39, 862 280, 733 373, 590 694, 185 2, 931, 768 
Kon a 228, 393 645, 450 382, 889 1, 256, 732 1, 110 17, 403 11, 854 30, 367 1, 287, 099 
Cee esis PS ee cl a 2738, 732 431, 453 363, 631 1, 068, 816 9, 584 11, 321 6, 670 27, 575 1, 096, 391 
Wood == ,~, 4p ARS ee ee 271, 937 629, 992 444, 432 I 3465361 Oat ee 12, 173 33, 763 45, 936 1, 392, 297 
RAmmE ers SR See oo So oe 70, 775 405, 512 645, 155 DUT 44 tee ae kee se es Deer ee oe SP ees OBES eee es 1, 121, 442 
Ve a ee ee eee 46, 655 125, 357 235, 088 AQTHIOD aS ape whee 2 BSE Fe oe 5 eet ss Ee Gases ore tS 407, 100 
TET gs A eee 3, 282,422 6,756,948 4,905,539 14, 944, 909 388, 094 1,790,406 1,980,163 4,158,663 19, 103, 572 


1 Summary of Illinois Geological Survey Circulars 228, 260, 311, 348, 374, and two unpublished reports. Parts 1, 2, 3, 4, 5, 5A, 6, of eight part series. 


Source: Illinois Geological Survey, William H Smith. 


TABLE 9 
Summary of Estimated Remaining Illinois Strippable Coal Reserves by Coal, Overburden Thickness, and Reliability ” 


(In thousands of tons} 


Class I reserves at overburden depths (ft). 


Class II reserves at overburden depths (ft.) 


Coal bed name — ——— TotalI & II 
0-50 50-100 100-150 Total 0-50 50-100 100-150 Total 

IDS EON) Ee Se ae er 219, 551 268, 858 197, 609 686, 018 62, 908 99, 019 61, 782 223, 709 909, 727 
TSCA ((NOS]) pas ee 1,091,418 2,737,944 2,388,035 6, 217, 397 38, 628 499, 406 644,342 1,231, 136 7, 448, 533 
Hiarmispire (NO) sesab2~cSessc5--lboe 619,785 1, 224, 920 848, 732 2, 693, 437 66, 307 214, 813 201, 106 482, 226 3, 175, 663 
M@olenestemCNo.2-2- 5 2-5. oe 1,194,082 2,378,699 1,420,488 4, 993, 269 205, 103 932,413 1,065,977 2, 203, 493 7, 196, 762 
Miscellaneous Coals. ___.-------------- 92, 193 80, 938 57, 040 230, 171 48, 224 26, 759 29, 812 104, 795 334, 966 
Hocksrciand. (NO1) 9225. 02.2 Le sk 69, 489 83, 261 53, 037 DOB ISTE a as ee ea oO oe ee es ee 205, 787 
LAY ED ls 3/5 = 5s Spe ng a a 3, 286,518 6,774,620 4,964,941 15, 026, 079 421,170 1,772,410 2,003,019 4,245,359 19, 271, 438 


1 Summary of Illinois Geological Survey Circulars 228, 260, 311, 348, and two unpublished reports. Parts 1, 2, 3, 4, 5, 5A, 6, of eight part series. 


Source: Illinois Geological Survey, William H. Smith. 


are within an area of 1,316,040 acres or about 2,056 
square miles, and an additional area of about 
1,291,830 acres or about 2,018 square miles possibly 
are underlain by coal. Therefore, reserves were esti- 
mated in about 10 percent of the area underlain by 
Pennsylvanian rocks and an additional 10 percent is 
indicated by the currently available information to 
be favorable for the presence of resources of poten- 
tial economic interest. Certainly the total coal re- 
sources of Iowa are much larger than the known 
resources, or reserves, that can be estimated and 
categorized on an individual-bed basis. It seems 
reasonable to assume that the amounts of coal may 
be nearly equal in the area in which reserves were 


estimated, in the area outlined as favorable for 
potential coal resources, and in the remainder of the 
area (80 percent of the total) underlain by coal- 
bearing Pennsylvanian rocks. On the basis of these 
assumptions, the total potential original coal re- 
sources of Iowa are estimated to be about 21,000 
million tons. 

No detailed estimate of Iowa coal reserves on 
a bed-by-bed original reserve basis has been pre- 
viously made. Past estimates of the coal resources of 
Iowa were highly generalized and were based solely 
on an assumed total area underlain by coal of 
potential economic interest and on an assumed 
average thickness of coal within that area. The esti- 
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Comparison of Past and Present Estimates 


Area Estimated 
included in _ original 
Author estimate reserves 
(square (millions of 
miles) short tons) 
Campbell and Parker (1909). . 12, 560 29, 160 
heess(l927a) aye eee ae 12, 750 29, 950 
This report (1963); individual : 
beduestimaten eit 2, 056 Ue, 230s SH 
Total potential resource 
estimate wa. aan dae ee 20, 000 21, 000 


mate of Campbell and Parker (1909), the most 
frequently quoted, included coal 14 inches or more 
thick in an area of 12,560 square miles. They men- 
tioned an additional area of 5,640 square miles of 
possible coal but apparently they did not include it 
in their estimate. The estimate of Lees (1927a, 
p. 74) covers 11,250 square miles of “Des Moines 
beds which are not covered by Missouri or Creta- 
ceous strata.” Lees used an assumed average thick- 
ness of 4 feet of coal which he believed would give 
a content of 4,000 tons of coal per acre, or a total 
of 28,800 million tons. In addition Lees estimated 
that about 1,500 square miles is underlain by the 
Nodaway coal bed having an average thickness of 
1.2 feet. The estimated 1,150 million tons in the 
Nodaway bed plus the 28,800 million tons gave 
an overall total of 29,950 million tons. As Lees’ 
assumed weight of coal seems much too small by 
present standards, he may have been applying a 
recoverability factor not stated. 

The present detailed estimate is smaller than the 
older generalized estimates and covers a much 
smaller area. The ratio is about one-fourth as much 
reserves in about one-sixth as much area. The very 
generalized estimate of total potential coal re- 
sources of Iowa, discussed earlier in this report, 
may be more directly comparable to the older re- 
serves estimates of Campbell and Parker and of 
Lees because it attempts to estimate the total 
amount of coal of potential economic interest in 
the part of Iowa underlain by rocks that are known 
to be coal bearing. The estimated total potential 
original coal resources of about 21,000 million tons 
are less than the earlier estimates, but the figure is 
derived by extension of the detailed bed-by-bed 
reserve estimate and may, therefore, represent a 
more realistic appraisal of the total known and 
undiscovered coal resources of Iowa. 


TABLE 10 


Estimated Original Coal Reserves of lowa, by 
Thickness Category 


(In millions of short tons) 


Reserves 
Thickness of bed 
(inches) Measured Inferred Total 
& indicated 
145to:. 2829 eee 618 1, 542 2, 160 
DOELOT4 Deen ee ge eek I, @B7/ 1, 216 2255 
More than 42....... 1, 846 978 2, 824 
Totaly. .eoe 3h, SO 33736 Uy 22330) 


Missouri Coal Reserves ° 


About one-third of Missouri is underlain by 
bituminous coal-bearing strata, and coal has been ~ 
mined in 55 of the 63 counties in which it occurs. 
Coal deposits occur in an area of some 24,000 
square miles extending northeastward across the 
State from Jasper County to Clark County. The 
estimated original coal reserves of Missouri total 
23,977 million tons. The coal is in more than 40 
different coal beds, all associated with rocks of 
Pennsylvanian age. Some of these are very persistent 
and crop out over large areas, whereas others are 
restricted or patchy in areas. 

Numerous publications of the Missouri Geo- 
logical Survey and of the U.S. Geological Survey 
deal extensively with the geology of Missouri coal. 
Two reports, both the result of cooperative work 
of the Missouri Geological Survey (then the 
Missouri Bureau of Geology and Mines) and the 
U.S. Geological Survey are very important to any- 
one interested in Missouri coal. The first of these 
is “The Coal Deposits of Missouri” by Henry Hinds 
(Hinds, 1912) and the second, “The Stratigraphy 
of the Pennsylvanian of Missouri” by Henry Hinds 
and F. C. Greene (Hinds and Greene, 1915). 
These two works discuss and describe the coal beds, 
character, stratigraphy, depth, and mining methods 
of that time. The coal resources of each county are 
treated with remarkable completeness. Estimates 
were made of the original tonnage in each county. 

Coal Resources. Since the settlement of the State, 
the coal resources of Missouri have been known 
to be very large. In 1873, Broadhead estimated that 


’ Searight, Walter V., Mineral Fuel Resources, Coal, 
Mineral and Water Resources of Missouri Vol. XLIII Sec- 
ond Series 1967 Report of U.S. Geol. Survey and Missouri 
Geol. Survey p. 235-243. 
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TABLE 11 


; Original Coal Reserves (in Millions of Short Tons) of lowa,' by County and Reserve Class and Areas 
(in Acres) Included and Omitted in Reserve Estimate 


f Measured Inferred Total Area of Favorable 
County and indicated reserves reserves reserve area 
reserves estimate 
OG CS RS Ce en 2oUk Tei? 23 2, 350 14, 390 
AA) ows & SG ae eee ee 34. 81 86. 50 12131 53, 780 32, 020 
200 bub SON Gd steal en aaa 196. 88 483. 33 680. 21 166, 630 28, 240 
| CRS: oilahad alae ieee a 158. 81 84. 98 243. 79 39, 470 15, 950 
| SO AL OUI Sore Pra on A eM OE AER ERE o IRR A) MOPAR. fic aida cade Std SEED SSG. EMAL 16, 300 
eae eR ARLE A bah. Beal Lae rae das yd aio oh vn eR SPAR coe Rnd A Gade Me Here ashe BrETE HEE Hey? 12, 430 
CoS 1 OG Bc BOG ee on ee On37 PBK) 3. 16 10, 800 7, 480 
ei a ME or is, chs 5 ct-0 ys Figgas mee gus ud ya eR Ey @ 0. 42 0. 42 80 6, 740 
Ui) 2S oc o's aay Oe i re 70. 49 79. 09 149. 58 26, 760 14, 720 
HP AVISHeOA eS Asn Sebel eves eles 40. 96 I2Z513 LESE7 1 13, 430 11, 000 
UDSCR UT) 6.2 9 Sen SR 39. 88 172. 48 212. 36 23, 360 57, 870 
LEIREIORYEMMES 6°53 le Sproat Eeiene eae fe peo 1, Be 10. 00 L133 4, 650 41, 070 
EN@ORE . oo a SG bub OPA OIE ar ee 16. 81 29. 69 46. 50 9, 270 10, 870 
Cs 58 ge ae 33: 37 41.00 74. 37 20, 300 28, 470 
iF LEICEI NOEL» Byer prea aed ae ae a ara aaa 13. 30 24, 72 38. 02 6, 780 92970 
LAUR Ty bok os ee 5. 00 6.475 1e75 WSA0IN) Feel. sae 
RC OR VE fei ters tgs oe Few Se cas ws 1, 48 2a15 3. 63 620 340 
Ae Bi sal nse doy as tiegiod saned 102. 51 OIE] 194, 32 30, 820 15, 970 
Guesan, 2 eee eee 52. 48 74. 49 126. 97 22, 630 29, 880 
USE NLS. onc RS Re 77, 54 63. 08 140. 62 16, 220 6, 800 
LBS. oo og Sacer cea ne eae eo mae 4, 88 11. 38 16. 26 4, 490 137770 
LOOM GPRS) eo ON CAS), cds Oe 186. 31 296. 42 482. 73 80, 020 33, 940 
VAACIIS COTTIER Eee atid Sten uc evap poeta citich obone «> AY aahe wunanateus Lath shetop onde aarmie ry # a tapeerete tiers a0y> 257 oOlO 
WHE DES! 386 Sig a deo ee 335.24 188. 74 523. 98 68, 540 23, 710 
MWRSOR. 5 See eee awe ee 443. 31 201. 85 645. 16 104, 170 28, 020 
NUZO EI 5 Oe a eee 4.15 14. 91 19. 06 3, 430 2, 490 
WES ye SRS bj be I ol oI eo oe a 6, 250 
DMO TIOE 55° 8 a eo ee oe ey ee 540. 51 344, 32 884. 83 129, 270 33, 800 
10 DAY GAOL RE eee 0. 78 20. 21 20. 99 9, 620 162, 100 
TISCAMIIOH AAS. - 55 cee eee ees 1.03 DRS S598: 1, 680 420 
AES. J o.0 w5edlbioiSle eee 25. 98 91. 14 VIF? 49, 220 286, 650 
(Pols... au oh Olea ROR Neen O72. 18 177. 68 749. 86 92, 960 14, 760 
ee ee rater ope OE aie Ol ae mens) + 2 4 APR RSE Rela ME ATs TRU o's lecah ool eke aepainen, pie 10, 880 
EL OMESAIC PIRATE Oo ee ewe es mae Of2> 0. 47 0. 72 280 25550) 
er ett eats ere ee SETI hn = Sop aie <aruege os Roly atic ee Poets Sh eas 4, 740 
SOO 5 ho 2. 89 3. 90 6. 79 1, 700 1, 270 | 
Soe. 2. i ee ee 37.83 82. 68 12055! 16, 570 48, 590 
ae giana s 6 156 ooh ORs 10. 63 41. 64 G2R27 19, 360 55, 850 
TUR OM. 5 <a co 55 by BS ae MO Say Oe eae REET s-0 3 6 NESTE ERIE 'c nes Wine nein: cit cnn Wha MCR EE Cg aa POS FORCE CAS SRST 43, 170 
SITE CARRE rhe a ES Be 53. 14 74, 73 127, 30 22, 610 16, 610 
VEISS VB athe a 165. Ol 199. 34 364. 35 59, 460 27, 860 
OO STEY Se oS Re ORR ae Mc 149. 97 281. 15 431.12 89, 010 60, 260 
WVHA. <a hadapiiem M: Dene dancers O12 91 299. 66 Bol e57 97, 690 24, 660 
RC USROEE ic ms ss beagle webs oa 66. 59 69. 50 136. 09 16, 170 17, 460 
DUNE A RA se ets train 5. 3 Reese a 3 Sas orth 3 OOK Le SA SO oe 7, 236. 54 1, 316, 040 1, 291, 830 
1 Landis op. cit. (footnote 2) p. 12-13. 
III—2-29 


356-240 O—70;——13 


coal more than 18 inches thick within 200 feet 
of the surface is present under an area of about 
7,000 square miles. Based on these figures, the 
minimum tonnage is 12,090 million tons of coal. 
In 1912, Hinds estimated the original resources 
of coal more than 14 inches thick to be 79,393 
million tons. 

In the years since the Hinds estimate was made, 
stratigraphic studies have indicated that many of 
his correlations of coal beds were in error and that 
the persistence in thickness which he assumed can- 
not be demonstrated in many localities. These fac- 
tors are of particular significance for coal beds from 
which important tonnages of coal are being or have 
been mined. For example, the “Rich Hill” (Min- 
eral) is not the Bevier coal and is not continuous 
with it, nor is it the “Bevier’ (Croweburg) of 
Johnson County. The “Fort Scot Red” (Mulky) is 
not the same coal as the Lexington, nor is the Tebo 
the “Tebo” of north Missouri. Coal beds thin and 
thicken from one area to another and in many 
instances in very short distances. An additional fac- 
tor of considerable importance in the area north of 
the Missouri River is that glacial drift occupies the 
position of coal beds in many places. Details of this 
relationship can be established only by drilling or 
mining but, in general, considerable areas are 
affected. 

A re-evaluation of Missouri’s original (before 
mining) coal resources is presented on a county-by- 
county basis in Table 13. These estimates take into 
consideration the changes necessitated by correc- 
tions in coal bed identification, increased data on 
thicknesses of the principal coal beds, and other 
factors. The estimates of 1912 are presented also 
for comparison with current estimates. In reviewing 
the coal resources of certain counties, it was found 
that little additional data were available beyond 
those used by Hinds in 1912. In many counties, how- 
ever, current information does not support the large 
resources indicated by Hinds and these have con- 
sequently been adjusted downward. In some cases, 
only 10 percent of the previous estimate has been 
retained, and others have been cut to as little as 1 
percent of the earlier estimate. The total tonnage 
represented in the current estimate is 23,977 mil- 
lion tons, less than one-third that of 1912 but ap- 
proximately double that based on Broadhead’s 
figures. 

In order to arrive at an estimate of existing coal 
resources in the State, the estimated original ton- 
nage present must be reduced by the amount that 


has been removed by mining plus the amount lost 
and wasted in mining (estimated to be about equal 
to the amount mined). The total cumulative ton- 
nage mined in the period 1840 through 1967 has 
been approximately 313 million tons. The coal re- 
maining is, therefore, estimated to be approximately 
23,335 million tons. Of this, it is considered that 
approximately 10,500 million tons or 45 percent 
is thin (14 to 28 inches thick), 9,334 million tons 
or 40 percent of medium thickness (28 to 42 inches) , 
and 3,500 million tons or 15 percent is thick (more 
than 42 inches). 

It is probable that only that part of those coal 
resources which can be mined by large-scale sur- 
face methods will be recovered within the next 25 
to 30 years. The greater part of such resources have 
already been explored and evaluated by major coal 
operators. They probably include most if not all of 
the resources which can be currently classified as 
measured resources. Because most of the currently 
pertinent exploration in Missouri has been done by 
only two companies, reserve information cannot be 
revealed. On the basis of projected needs of power 
plants now in operation or committed to construc- 
tion, however, it is estimated that reserves of strip- 
pable coal amounting to not less than 85 to 100 mil- 
lion tons are present in Missouri. 


TABLE 12 


Estimated Coal Reserves of Missouri 


{In millions of short tons] 


Remaining coal 
reserves as of 
Thickness of bed (inches) January 1, 1968 
Measured, indicated 
& inferred reserves 


14 £0 28 Wes 5 0) Set Aric, cea 10, 500 
28 40 fe tee oa aoe oe ee 9, 334 
Moretthant4 27055 een ace aeerrnee 3, 500 

LOCAL seat Soe re A ROT a 23, 334 

TABLE 13 
Estimated Original Coal Resources of Missouri 
by County ’ 
{In millions of short tons] 
County Hinds Searight 
(1912) (1966) 

AGGifisscestiabger sch 21 ee ch 2 205. G 900. 1 
Andrewaiees. <3 a tere en tals: 1, 209. 6 12.1 
Atchisoty ga. :4 aes Pangea 411.8 41,2 
Audralnian 46g tae aestnet aho: oe 1, 320. 0 207. 3 


See footnote at end of table. 
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TABLE 13—Continued 


Estimated Original Coal Resources of Missouri 
by County '—Continued 


County Hinds Searight 
(1912) (1966) 

ERERIO I. oo Aine polo eae 464. 3 150. 0 
DRRES. 0 6 oS Oe 3, 989. 8 Ds Sis 7 
BOOnCHISTE ck eee 846. 7 500. 0 
Buctiananmetm. Aeros. dels Aas! 4, 203. 4 4.2 
Galdwelleeaievens kA wgth ore 1, 260. 4 12.6 
(Len) AU eG, Se 450. 9 188. 2 
Caravallll, ...¢ 6 eer 1, 000. O 56. 2 
(CEES. 5.0 710 88.8 UC ee eee 2, 460. 7 24.6 
(Cece... 16 se See ee ee 170. 3 40.0 
(CINATEIHODs  ola e 2, 168.0 OT 
Claas. -. oa8 Seta 200. 0 2.0 
(lv. lads i 953e0 NG). S 
(@linmntOmMMericees cet eee bass ih, Bi. 1 5e 2 
Oo ge tcc: Jae eee Bil, S Me, Ue 
DEG s. ow. 50g pee eee 33.9 14.0 
IDAVACSSMNO te eis ese hee ee DR USO Dif 
IDS 1Neillls\...34, 6 oro eee ce een 1, 209. 6 12.0 
(CSUR Gees eer 1, 280. 5 12.8 
CNG oh eee 1,417.0 354, 2 
ELAERISOMMER IT oe ese By Blew e 1, 681.9 
PICU VP ec ee es S325 7 832.7 
IB IGMP: ow’ aekt be Ocean ROR ae nee B23e2 8. 2 
ETO WALCI TSI orcas ae oped ne) s 1, 280. 7 394. 4 
Ntekcoumierr’ Lis %s ota. ga,< sor 2, 097. 8 699. 3 
aspemaen focrmiert. Stisl. cee G 100. 0 93. 6 
[GOS a re 5, 460. 0 1, 240. 0 
AAV CUO om od eee 877.4 559.9 
LGW s 4.5 BSNS A Ne ee On eco mee race 0.1 
TLAWRND 5 ‘0-6: 0° dO) Ble ane CO ee 2, 190. 1 269. 6 
PSA CSCOU ss > Ai waicrs sas + ih, BBV Ne, 4 
NEA CONE ia ela cinta scene ecg 293009 1,985. 9 
INIerCciIMtin 6 os Ses 4, 329.6 2, 956. 8 
IMIGTIRROGic so! G0: AG ae 288. 5 207. 4 
NOD COTES 5 Oe 3) AS) 311.0 
INO AW tte. s tcewste en eo 914.7 10.0 
RE LUISMIME Esai s eos Wie ew) eas) asls 300. 0 30. 0 
PVA. vos 6 Be ee ee 31, Gee, © 3.4 
Rmtmarnene rs tres ci Phseetyins ooops 4, 296. 2 22, 142.0 
TRESS oo acca Ae ee 44.0 82.9 
eAOIDE Te kil oj 202057 122516 
0: oe 1, 098. 2 616. 1 
Si, Claes 2 ee oe eee 602. 1 602. 9 
Si. ILOUIG sc bee eee LOO anes tycr Neceaste 
Sallie. oo a6 see areas Bio 1h Ws 1 
SELLS ES eee nee 331.9 136. 3 
Seolaincl.3 Sate eee 20. 0 BO 
Sullivans scenes ee ees ees 2 Di] hh i ths © 
\VeRROT ie 6 ah RI eee 12574: 1, 257.4 
VAVG@IRID s o og Rowena ee nel Gao Eee EE 1, 140. 5 11.4 
Other Counties. 4-1. a0 we de 46 HOO Orns es ences 

MGtaleeee ts ies crs 79, 392. 7 23, 977. 4 


1 Searight, op. cit. (footnote 4). 
2 Estimated by R. J. Gentile (1965). 


Montana Coal Reserves ° 


The original coal reserves of Montana total 
222,047 million tons as estimated by Combo and 
others (1949). This estimate includes 2,363 million 
tons of bituminous coal, 132,151 million tons of 
subbituminous coal, and 87,533 million tons of 
lignite. The area distribution of coal of various 
ranks in Montana is shown on a map by Combo and 
others (1950). 

The Montana reserves were calculated and classi- 
fied according to standard U.S. Geological Survey 
procedures and definitions with several minor 
exceptions as follows: 

For bituminous coal the thickness categories used 
were 14 to 24 inches, 24 to 36 inches, and more than 
36 inches, instead of the standard categories of 14 
to 28 inches, 28 to 42 inches, and more than 42 
inches, which were established after the Montana 
work was underway. For subbituminous coal and 
lignite coal standard categories of 2% to 5 feet, 5 
to 10 feet, and more than 10 feet were used. 

The categories of measured and indicated re- 
serves were combined in a single category termed 
“measured and indicated” because only a very 
small part of Montana reserves could be classed as 
measured. All coal classed as “measured and indi- 
cated” is less than 2 miles from the outcrop, and 
more than 50 percent is less than 1 mile. The stand- 
ard category of inferred reserves includes most of 
the coal lying more than 2 miles from the outcrops. 

The Montana estimate includes reserves only to 
a maximum depth of 2,000 feet below the surface 
and thus is more conservative than other State 
estimates, which generally include coal to a depth 
of 3,000 feet. No attempt was made to estimate 
reserves in intermediate categories, but about 75 
percent of the total is less than 1,000 feet below the 
surface. 

The Montana coal fields cover 35 percent of the 
total area of the State. Reserves are present in 35 
out of 56 counties, but are concentrated largely in 
the Fort Union region and the Powder River Basin 
in the eastern part of the State. Big Horn, Powder 
River, and Rosebud Counties alone contain more 
than half the total in the State. 

About 10 percent of the total area of coal-bearing 
rocks in Montana was not included in the estimate 
because no information was available on the thick- 


°* Averitt, Paul, 1960 Coal Resources of the United 
States (A progress report January 1, 1960) U.S. Geol. 
Survey Bulletin 1136 (1961) p. 64-66. 
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ness and extent of the beds. The areas omitted 
are concentrated, in general, in the northeastern 
lignite-bearing part of the State, where the coal- 
bearing rocks are concealed by glacial drift. The 
estimated reserves of lignite should be increased in 
the future as more detailed work is carried on in 
these areas. 

Table 14 shows the estimated original coal re- 
serves of Montana classified according to various 
reserve categories. 

For the past several years considerable explora- 
tion has been conducted by mining and petroleum 
companies, the Northern Pacific Railway Company 
and Great Northern Railway Company, Montana- 
Dakota Utilities Company, Montana Power Com- 
pany, Pacific Power & Light Company and the 


Montana Bureau of Mines and Geology Reports 
relating to most of this recent exploration activity 
have not as yet been published, however, the strip- 
pable reserve picture is constantly improving. All 
of the known Montana strippable deposits are in the 
Fort Union region, where currently (April 1967) 
revised estimates indicate the presence of deposits 
totaling about 8 billion tons. Considering that thou- 
sands of acres are under lease and that exploration 
and evaluation moved into high gear in the 1967 
season, there is speculation that Montana may add 
still another 2 billion tons to strippable coal reserves 
estimates within the next three years.‘ 


7 Groff S. L., 1967, Montana’s Place In The Nation’s 
Coal Energy Picture, Montana Bureau of Mines and Geol., 


p. 8. 


TABLE 14 


Estimated Original Coal Reserves of Montana 


[In millions of short tons] 


Reserves 
Overburden (feet) Thickness of bed (inches) Measured Unclassi- Total 
& Inferred fied 
indicated 
Bituminous Coal: 
OxtO 2 OOO ren cree cree ee 14 to 24 ete ee anaes 279 LOU 9a) eee 446 
D4 OLS Oct ee ee 348 1440 saci eee 492 
Sy S612. SEM ATMRE, Be oc ge 1, 036 38070155) ae 1, 425 
1, 663 100°. 3. 2, 363 
Subbituminous Coal: 
Thickness (ft) 
Ores i000, LIL Us es Ji, to SEY WO i 5, 392 9, 396-2. eee 7,718 
5 to 10s ee. Ae ee 15, 486 9:946%, .) iia eae 24, 732 
SO tes Mat ei LG) ee 26, 370 15,975") 42, 345 
Unclassified 2nts tio. pa os. 5 eee RO Puce age orgies are BY SS 57, 356 
47, 248 27, 547 57, 356 132, 151 
Lignite: 
Thickness (ft) 
Otc 2000 ue. ater a acetate O16 455. sae eeveramamie cine Ae 4, 876 10 178 0.4... Se 15, 054 
DCO Ono. eet aes Oe cre ite ee ee ae 6, 613 131 3 Oi 2 ake eee 19, 749 
nL Oe tatyt eae he catty ae ett ee 2, 566 43D oo cabo ener 3, 001 
Wiiclassitied AM EM Freeh oh ee Ui. eaten ticch re tiee clae gh 3c ara 49, 729 49, 729 
14, 055 23, 749 49, 729 87, 533 
Cotal.allirantes . 9.<:44.4.<ig5a coda meg Re 62, 966 51, 996 107, 085 222, 047 
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TABLE 15 


Estimated Lignite and Subbituminous Reserves of Montana (Eastern Quarter) by Counties in the West 
Central Region * 


_(In millions of short tons—Remaining reserves as of January 1, 1968) 


Measured, indicated and inferred reserves 


County 
Lignite Subbituminous Total reserves 

CREOLE. 5 5 0 ob OG AREER: Senge aOR ean nC hn a AGO ree rete cocis. oe a Sace sts 460 
(CREE. 5 6. 0-515. BU OEMS CSC AO GO eet ceteris iczxcoctnsne aes ass 4, 860 
IDURECARS.. oo 5 6 SiG SeO OA DERON GL OP IOEAERCOL Son cere REE Eee ROO emeierus poaeieiae sents als 3, 960 
MD AWSOME a reir hes Aiea Ee wes vow ee os NOUS LOO eerie tenn cr telsenseletet atc totes 11, 100 
8c oo. St he GG 5 5 wie ss ENuwin dda os « 2) OSM Sep acto a teers = 2, 500 
IMMELCIIITC 5 o 0 9:6.0:0 6 RGR DEMOED One ETON ecg Cee ne a 2A NOOO Mage Men eee heres ee eae 24, 800 
OU CIE Gm NLC emer rerun, Cicic ue Cistele.cioreoiaus. oles o-Sknuend sisi & LOINC CON Ree yore eee ete 42, 000 
PRSIEBIO. 3 o'4 co OO Otto OICIO IO CREE RORC IEEE EIT A Rene een OOO Mcrencieretan eaecrete a euer ie 1, 600 
TRG ATIOL.. 5 o'6 0, BG GC Bio OHO CISION HERO NC ROR ene aE DY SOOORIS get See ha ate Ate tab cis 21, 000 
ROSEV.C LUMEN 4 a ei.c SEEM cade eins g.6 wares sleree se 4 OO 25426. aoe RAs ee 4, 100 
IRGSEIDTG| so ag u's 'd tee A ONO Om BO er OOM, ULES OO ORONO Ror noED In cnc Rien cer cc ey aoe 38, 800 38, 800 
RSE LIGAMENTS P i Ore Ze asi ah sc si omsie eee aFer-aeies «el ewbaus A OUO Reefer nes cir encom tertat ce 5, 600 
SE CASUINCHME EMT te ica hee sae sas cs eee Se Meee Male eG Oueisns Deas ys 1, 300 1, 300 
WAV DEWISS... 5 oo B obhied BesigiGl ORAS GME Ea ee i soe en TSU C Use uit Sarre caer orate che 7, 000 

ge ee ear nes aon eh 128, 980 40, 100 169, 080 


1 West Central Region only. Based on U.S. Bureau of Mines paper Fossil Fuels and Their Estimated Costs in the Missour 
River Basin by Albert E. Ward, Mining Engineer, Bureau of Mines, Denver, Colo. 


TABLE 16 


Estimated Lignite Reserves of Wyoming (North- 
east Corner) by Counties in the West Central 
Region 


(In millions of short tons—Remaining lignite reserves as of 
January 1, 1968) 


County Measured, indicated 

& inferred reserves 
CODE EE 47, 400 
CHO ee ao 50 EG oe eee 4 
WEDD. « 63 SOR eee 40 
MRotaleere ao. sree ae Ses ide LS 444 


1 West Central Region only. Based on U.S. Bureau of 
Mines paper Fossil Fuels and Their Estimated Costs in the 
Missouri River Basin by Albert E. Ward, Mining Engineer, 
Bureau of Mines, Denver, Colo. 


North Dakota Coal Reserves ° 


As estimated by Brant (1953), the original re- 
serves of lignite in North Dakota total 350,910 mil- 
lion tons, of which 9,522 million tons are classed 
as measured, 50,120 million tons as indicated, and 
291,268 million tons as inferred. 

The reserves are well distributed over an area of 
28,000 square miles in 23 counties in the western 
half of the State. Of several counties with large 


* Averitt, op. cit. (footnote 6) p. 69. 


reserves, Dunn County is conspicuous in containing 
71 billion tons, or about one-fifth of the State total. 
This is also the record reserve tonnage for coal- 
bearing counties in the United States. 

All the lignite included in the estimate is less 
than 1,200 feet below the surface, and for this rea- 
son no categories of overburden were established. 
Brant (1953, p. 4) estimates that about 70 percent 
of the total reserves is less than 500 feet below the 
surface; about 28 percent is 500 to 1,000 feet; and 
only about 2 percent is between 1,000 and 1,200 
feet. 

The information available in preparing this esti- 
mate was limited almost entirely to data obtained 
at the outcrops of the beds but was supplemented 
locally by a few drill logs. In many unmapped areas 
information was available only for the thickest or 
best known bed. Of the 28,000 square mile area 
considered to be underlain by lignite beds more 
than 21% feet thick, about 1.7 percent was omitted 
for lack of information. 

The North Dakota reserves were estimated ac- 
cording to the standard procedures of the U.S. Geo- 
logical Survey as previously defined, and the results 
are tabulated in the Brant report by individual beds 
and townships, and by various reserve categories. A 
summary of this information is presented in 


Table 17. 
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TABLE 17 


Estimated Original Reserves of Lignite in North Dakota * 


(In millions of short tons) 


Reserves 
Thickness of bed (feet) Total 
Measured Indicated Inferred 
21 te Sins «odie van gta oe apes a mares Genesee aes 3, 095 20, 095 224, 180 247, 370 
SPto il Oe jeed suds hs cieec era ee ae 3, 964 18, 627 36, 938 29no29 
a | UR ee ee Shen een OR atic Bat che 2, 463 11, 398 30, 150 44, O11 
Total.22 6 ce ee ee eee 9, 522 50, 120 291, 268 350, 910 


1 All beds are less than 1,200 ft. below the surface. 


TABLE 18 


Estimated Lignite Reserves of North Dakota by 
County * 


[In millions of short tons] 


Remaining lignite 
reserves as of 


County January 1, 1968— 
Measured, indicated 
& inferred 

reserves 

ANGAMS oe eee ee or eee 1, 800 
‘Billings:fe) oe ta ne tee Cares 17, 600 
Bowmanen 3320 oe oe eee 6, 800 
Dunn ies ae ee eee 71, 000 
GoldenvValley,sae 3 426 bee 8, 200 
Grant Stok pec eee Ca ee ee 4, 600 
Hletumn peter era eer ea 12, 600 
IMGKEnZIew. con sti oe aan ee 32, 000 
MeWean ae: sone ee ae 16, 400 
IMGrCere er ree fore eee ae 30, 000 
Mortonss 7.40 oene, cen SAA ee 15, 200 
Mountvail ge pee ie eee 15, 200 
Olivernseenr fyscacoaty Mes eres 17, 800 
Sheridan wee cr cc eee 660 
Slopes. tras ee ene ae 20, 000 
Starkeeee ree? Sex). ie ae 24, 000 
Williamssee cients See eee 26, 000 
G;@ther Counticsa eee eee 30, 820 
Lotalignice.. momenta cee 350, 680 


1 Ward, op. cit. (footnote 8). 


South Dakota Coal Reserves °” 


As estimated by D. M. Brown (1952), the orig- 
inal lignite reserves of South Dakota total 2,033 
million tons, all of which is less than 1,000 feet 


below the surface. In addition, the State contains 
10,900 tons of bituminous coal, but this amount is 
too small to show in the accompanying table. The 
reserves were calculated and tabulated according 
to standard U.S. Geological Survey procedures and 
definitions. 

As recorded in the report by Brown, the lignite 
reserves are concentrated in six counties in the 
northwestern part of the State. Harding County 
contains nearly 84 percent of the estimated reserves, 
but most of past production has been obtained 
from Dewey and Perkins Counties. 

The accompanying table shows the estimated 
original reserves of lignite in South Dakota classi- 
fied by thickness of bed and by the measured, indi- 
cated, and inferred categories. 


Natural Gas Consumption, Price and Reserves 


The consumption and average cost of natural gas 
for electric generation in the West Central Region 
is listed by states in Table 22. During the five year 
period 1961-1966 the consumption of gas for ther- 
mal electric generation increased from 0.223 to 
0.260 trillion cubic feet or at an average annual rate 
of 3.11 percent compared to a 7.73 percent average 
annual increase in coal consumption in the same 
period, which is presented in Table 2. The average 
cost of gas for the region in the five year period 
1961-1966 increased from 25 to 25.3 cents per mil- 
lion BTU or by 1.2 percent. The consumption of 
gas on a coal equivalent basis for the region in 1966 
was approximately 11,101,000 tons. 


® Averitt, op. cit. (footnote 6) p. 76. 
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TABLE 19 


Estimated Original Reserves of Lignite of South Dakota 


[In millions of short tons] 


Reserves 
Thickness of bed (feet) Total 
Measured Indicated Inferred 
«SEES cae ce ccc eee esi n eels 104 993 177 1, 274 
® tp WO... odek bio Cae ne ree 34 673 (4) 707 
ERE oe seats 5 shores SEN SSG EEE. PRR we IT Hae Ot Be A candi 8 aR RNSRCNCSR Rte 52 
CeOSEU oe doc) ie SAR eC ore oe 138 1, 718 177 2, 033 


1 60 thousand tons not included in total. 


TABLE 20 


Estimated Lignite Reserves of South Dakota by 
County * 


(In millions of short tons) 


Remaining lignite 
reserves as of 


County January 1, 1968— 

measured, indicated 

& inferred reserves 
IDE WOV ICE ors 5 cies ge scheme +6 138 
BRACE etc ek y shoe ed os eee a's 1, 700 
IRSA STIL, 6 6 Oo ey RDS acne neeeeee 186 
LICOAC IE ope clos De ee ne tas 6 
Bball eee eee ees hia so bonasey 2, 030 


1 Ward op. cit. (footnote 8). 


Tables 26 and 27 which present a comparison of 
the percentage of total BTU’s by type of fuel used 
for thermal electric generation in the West Central 
Region for 1961 and 1966 respectively, indicate the 
percent supplied by coal increased from 76 to 80 
percent and gas decreased from 23 to 19 percent. 

Table 21 lists the natural gas reserves in the West 
Central Region by states as of December 31, 1966 
and the total for the region was 1.33 trillion cubic 
feet or less than one percent of the total reserves 
in the United States. On a coal equivalent basis of 


23.75 million BTU per ton of coal and 1,000 BTU 
per cubic foot of gas the reported gas reserves for 
the region amounted to approximately 56 million 
tons of coal. 

Based on the projected United States cumulative 
natural gas requirements for the period 1966 
to 1990 of 680 trillion cubic feet *° the reported re- 
serves of the West Central Region could supply 
only 0.20 percent of these requirements. 


Oil Consumption and Reserves 


Table 27 compares the total BTU’s of coal, oil 
and natural gas consumption for thermal electric 
generation in 1966 and oil consumption in the West 
Central Region represented less than 1 percent of 
the total fuel consumption for the region. 

Table 23 lists the crude oil and natural gas liquid 
reserves in the West Central Region by states and 
the total for the region was 0.813 billion barrels or 
approximately 2 percent of the total liquid hydro- 
carbon reserves of the United States. 

On a coal equivalent basis of 23.75 million BTU 
per ton of coal and 5.8 million BTU per barrel of 
oil the reported oil reserves for the region amount 
to approximately 200 million tons of coal. 


” Future Requirements Committee, 1967, Future Nat- 
ural Gas Requirements of the United States, Vol. No. 2, 
June 1967, Denver Research Institute, p. 2-3. 
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TABLE 21 


West Central Region—Changes in Estimated Proved Recoverable Reserves of Natural Gas, 
by State, During 1966 


(Millions of cubic feet) 


Changes in reserves during 1966 Reserves as of Dec. 31, 1966 


Reserves 
as of New New Net Asso- Under- 
Dec. 31, Exten- Revisions field dis- reservoir changein! Net pro- Total Non- ciated ground 
1965 sions coveries dis- under- duction associated dissolved storage? 
coveries ground 
Storage 
Hlncisss2 Ss 209, 674 1,973 1, 104 187 187 29, 207 5, 839 236, 493 277 31, 707 204, 506 
Minnesota 3 
Nebraska_____________ 79, 604 191 2, 024 176 0 1, 256 10, 494 72, 757 37, 838 19, 545 15, 374 
North Dakota________ 1, 121, 224 8,585 —64, 599 1, 619 99 0 42,419 1, 024, 509 6,497 1,018,012 0 
Towa & Missouri_____- @) (eb seteee ses secccd nse 2 ene bees Heghe se See eee eee as oe oe ES 
South Dakota & 
Wisconsin__...._-.-. 0 0 0 0 0 0 0 () 0 0 0 
Total<—e eae 1, 410, 502 10,749 —61, 461 1, 982 286 30, 463 58, 752 1, 333, 759 44,612 1,069, 264 219, 883 
United States________ 286, 468,923 9,224,745 4,937,962 2,947,329 3,110,396 134,523 17,491,073 289,332,805 217,426,169 68,681,867 3, 224, 769 
West Central Region 
as Percent of Total 
10 Ac Rae ene fe We eee Ue ae = es ee Sere BR win” LEAT SOF be leet ot ad Ln 0. 461 


! The net difference between gas stored and gas withdrawn from underground storage reservoirs, inclusive of adjustments and native gas transferred 
from other reserve categories. 


2 Gas held in underground reservoirs (including native and net injected gas) for storage purposes. 
3 Geologists indicate the reserves listed for Minnesota in Gas Facts 1967 are in error. 
4 Trace quantities. 


Source: American Gas Association, Bureau of Statistics, Gas Facts 1967 (1966 data). 
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TABLE 22 
West Central Region—Consumption of Gas for Electric Generation 


Year 1961 Year 1966 
Consumption Cost Consumption Cost 
= (Cents) per ————____——_———_ (Cents) per 
Million BTU million btu Million BTU million btu 
cubic feet (Billions) as burned cubic feet (Billions) as burned 
_ LELEOYS. © onda Seneca Soma 33, 651 35, 266 24.5 43, 165 45, 410 2357 
0) SES Teale aha a 10, 723 11, 195 28. 3 16, 068 16,325 fo heed | 
A SES) 2 a rr ee 39, O74 35, 965 22. 0 44, 681 44, 145 22.9 
LOWE. 4 2° Sled ene ees ee ae 57, 069 58, 952 26. 1 61, 968 63, 207 26. 0 
SY ER DNs ene ee 47, 867 48, 920 24.4 51, 100 51, 611 25.2 
SUSEOUAb ee also Ae kh ais ramps ss 184, 884 190/298 ~ Avg. 24.7 216, 982 220,698 Avg. 25.0 
ISIS! a BE 0) 32 32 33. 2 22 22 33. 0 
OUIUMUAKOLAS cc hoes ee SE aree ess 4, 897 4, 961 26. 0 3, 457 3,471 28.9 
INES SES acoso Re 33, 092 34, 747 12654 39, 503 39, 463 26. J 
Sy) Oe 38, 021 39,740 Avg. 26. 3 42, 982 42,956 Avg. 26.3 
Total West Central Region..... 222, 905 230,038 Avg. 25. 0 259, 964 263,654 Avg. 25.3 
Increase in Gas Consumption for Generation in five year 1964 National Power Survey, Part II, 
Peete! UNTO) Ra USS: ean gs ny Cie cone ae 16. 62% Page 326. Representative Delivered 
Average Annual Increase in Gas Consumption for Genera- Costs of Natural Gas for Electric 
LIOR ERO eee cies Sree tude) Pauses: Seayanea shone. aghle os 3.11%, Power Generation by Load Study 
Increase in Average Gas Price in five year period 1961-1966. 277 Areas. 
Average Annual Increase in Gas Price...............+++-. 0. 24% Cents per 
million btu 
West Central Region Gas Consump- 1961 1966 Load Study Area SSS 
tion (Coal Equivalent)............. 2 9,585,000 tons 3 11,101,000 tons Jan. 1 1966 
1963 
I (Ill. Wisc. Mo. To. 
Mints) 5 uiscccetets sates: 25 29.0 
LN. Dis.D. Neb:)..... 26 26. 3 


11961 price not available, therefore, 1962 price was used. 
2 Based on 24,000,000 BTU per ton of coal (approximate 1961 national average steam-electric plant experience). 
3 Based on 23,750,000 BTU per ton of coal (approximate 1966 national average steam-electric plant experience). 


Source: National Coal Association, Steam-Electric Plant Factors 1961 & 1966. Federal Power Commission, Electric 


Power Statistics, monthly. 
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TABLE 23 


West Central Region—Estimated Proved Recoverable Reserves of Liquid Hydrocarbons, by State, 
December 31, 1965 and 1966 


(Thousands of barrels) 


Division and State 


Dec. 31, 1965 


December 31, 1966 


Total Crude oil Natural gas ! 
liquids 
TUL OES Boe vcd ou eee ey cca ec ee ae 374, 184 365, 140 362, 270 2, 870 
Mirinesola a.) me ease aan eee een 0 0 0 0 
Nebraska, 770. :.. Patt ic hol ae cen caret 74, 323 59, 608 BY Pa ee 2, 474 
North*Dakotasrvir pac Sees one a 461, 280 388, 323 321, 349 66, 974 
Towa Sw isConsi, aptamer ee eer ae 0) 0 0 0) 
South) Dakotaca Miissourige meer rene (2). 8 g a cee Se che ee he Tene 
"POtalhy 6a. averse ite a iteenc RTA in ea 909, 787 813, 071 740, 753 72, 318 

United Statesa. a. aeu cougar SS, Sis SAS 39, 781, 093 31,452, 127 8, 328, 966 
West Central Region as percent of total U.S.... Ps Si) 2.044 eh le eee oe nee 


1 Includes condensate, natural gasoline and liquefied petroleum gases. 
2 Trace quantities. 


Source: American Gas Association, Bureau of Statistics, Gas Facts 1967 (1966 data). 


TABLE 24 


West Central Region—Changes in Estimated Proved Recoverable Reserves of Crude Oil, by State, 
During 1966 


(Thousands of barrels) 


Division and State 


North Dakota 


Towarce VViSCOnsI newer ee 
South Dakota & Missouri....... 


West Central Region as percent 


of total U.S 


Reserves 
as of 
Dec. 31, 
1966 


362, 270 

0 
57, 134 
321, 349 


740, 753 


Reserves Changes in reserves during 1966 
as of 
Dec. 31, Revisions Extensions New fields New pools Estimated 
1965 discovered discovered production 
a1 1, 172 49, 781 1, 984 241 135 61, 043 
0 0 0 0 0 0 
70, 659 — 877 720 665 0 14, 033 
395, 140 —55, 456 7, 370 L390 85 27, 180 
0 0 0 0) 0 0 
CG). kaa e du eiebicr ew belanld aieace can Oulu tics tees Oem i 
836, 971 (0, DE 10, 074 2296 220 102, 256 
31392, 39h) fh e397307) Bid 245 160, 384 150, 038 


2, 864, 242° “Sivaazat2e 


2. 36 


1 Trace quantities. 


Source: American Gas Association, Bureau of Statistics, Gas Facts 1967 (1966 data). 
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TABLE 25 


West Central Region—Estimated Proved Recoverable Reserves of Natural Gas Liquids, by State, 
1965 and 1966 


(Thousands of barrels) 


Changes in reserves during 1966 Reserves as of December 31, 1966 
Reserves 
as of New New 
Division and State Dec. 31, Exten- Revi- field _reser- Net Non- Associ- 
| 1965 sions sions dis- voir produc- Total associated ated- 
coveries discov- _ tion dissolved 
] eries 
| JIVE eS. 55ers 3, OZ 179 168 34 0 523 2, 870 1 2, 869 
| INTTMMESO tags cee sna so 0 0 0 0 0 0) 0 0 0 
) INebraskaercrn csi. 248 3, 664 0) — 814 0 0 376 2,474 1, 204 1, 270 
North Dakota......... 66, 140 0 4,271 0 0 3, 437 66, 974 0 66, 974 
Iowa & Missouri...... 0 0 0) 0 0 0 0) 0 0 
South Dakota & 
WVASCONSING, Gepers 60 os 0 0 0 0 0 0 0 0 0 
Wo taltrs Anicvtel. 7 72, 816 173 3, 625 34 0 4, 336 12, SMS 1, 205 TAS 
United States......... 8, 023,534 131,583 634,233 53,378 74,922 588, 684 8, 328,966 5, 229,261 3, 099, 705 
West Central Region 
as Percent of Total 
ULS 286 See On QUOC Me Aten ee ie ce opens eure Sasa thc Geet ems Gs OF S08 aide oe ae aie serene batt 


Note: Includes condensate, natural gasoline, and liquefied petroleum gases. 
Source: American Gas Association, Bureau of Statistics, Gas Facts 1967 (1966 data). 


TABLE 26 
West Central Region—Fuel Consumption in Billions of BTU’s for Thermal Electric Generation—1 961 
Total btu (billions) Percent of total btu 
Coal Oil Gas Total Coal Oil Gas 
est. A eee a ene ee 431, 746 1, 979 35, 266 468, 991 Gold set Sov al ae 8 
“herr, eee 123, 195 273 11, 195 134, 663 2 tyne nad sav 8 
dino ae eee 81, 358 1, 594 35, 965 118, 917 69 1 30 
nwa. . JUNE ae ee 40, 128 1, 285 58, 952 100, 365 40 1 59 
IMMRMEIO igo Seriate Been be oleioe 2 ae eee 62, 325 1992 48, 920 INS, Baie 55 2 43 
Eulbade as <oe eeerne 738, 752 7, 123 190, 298 936, 173 79 1 20 
SS a 3 I = a ee Sees Pee eet a: ee oe SSS SSS SS Ss es a 4 
Spi 15, 681 123 32 15, 836 99 lies apsanetaess 
OULD AaAkOtAr far gis yeas a okyre os a 3 OD)! 312 4, 961 9, 224 43 3 54 
into re 5, 336 909 34, 747 40, 992 13 y) 85 
SUD tOpaleeuttatasrres. See amy: os 24, 968 1, 344 39, 740 66, 052 38 2 60 
Total West Central Region..... 763, 720 8, 467 230, 038 OO25 225 76 1 23 


Source: National Coal Association, Steam-Electric Plant Factors 1961. Federal Power Commission, Electric Power 
Statistics, monthly. 
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TABLE 27 


West Central Region—Fuel Consumption in Billions of BTU’s for Thermal Electric Generation—1966 


Total btu (billions) Percent of total btu 


Total Coal Oil Gas 


Coal Oil Gas 

Litinoiss {0 ie oo er eee eee ce 589, 984 3, 021 45, 410 638, 415 03 a. eae 7 
Wisconsin's.) aos epee aco renners AS) eal We 650 16, 325 198, 134 91 1 8 
Missourians 2 dcbgteueet 5 dobar ae 125 OU Leo 44.145 170, 752 73 1 26 
TOWARAAET, Ao 25 tO eee 60, 366 1, 465 63, 207 125, 038 48 1 51 
Minnesota. uiassean cea ee 101, 084 2, 218 OIG 154, 913 65 72 33 

SUD totalevaaneaiennes nae SAN eve 1, 057, 943 8, 611 2205 698ml 2874252 82 1 17 
North: Dakotanemeg. oo ss as tees ee 1 26, 722 14 22 26, 758 100, 3 eee 
South, Dakota... oaenciyy9 wae nee ok Sd, 308 3,471 750 50 4 46 
Nebraska pica bal ee eee eee 10, 234 799 39, 463 50, 496 20 | 78 

pubtotal | s% cc lectee ae ee ae 40, 733 L U2 42956 84, 810 48 1 51 

Total West Central Region..... 1, 098, 676 Oe 32 2635 654 le 3721062 80 1 19 


1 Based on additional data obtained in West Central Region Fuel Survey. 


Source: National Coal Association, Steam-Electric Plant Factors 1966. Federal Power Commission, Electric Power 


Statistics, monthly. 


FOSSIL FUEL SURVEY 
Definition of Bituminous Coal and Lignite Producing Districts 


DISTRICT 1.—EASTERN PENNSYLVANIA Maryland.—All mines in the State. 


Pennsylvania 

Armstrong County (part).—All mines east of 
Allegheny River, and those mines served by the 
Pittsburgh & Shawmut Railroad located on 
the west bank of the river. 

Fayette County (part).—All mines located on 
and east of the line of Indian Creek Valley 
branch of the Baltimore & Ohio Railroad. 

Indiana County (part).—All mines not served 
by the Saltsburg branch of the Pennsylvania 
Railroad. 

Westmoreland County (part) .—All mines served 
by the Pennsylvania Railroad from Torrance, 
east. 

All mines in the following counties: 


West Virginia.—All mines in the following 
counties: 


Grant Tucker 


Mineral 


DISTRICT 2—-WESTERN PENNSYLVANIA 


Pennsylvania 

Armstrong County (part) —AII mines west of the 
Allegheny River except those mines served by 
the Pittsburgh & Shawmut Railroad. 

Fayette County (part).—All mines except those 
on and east of the line of Indian Creek Valley 
branch of the Baltimore & Ohio Railroad. 

Indiana County (part) .—All mines served by the 
Saltsburg branch of the Pennsylvania Railroad. 

Westmoreland County (part) —All mines except 
those served by the Pennsylvania Railroad 
from Torrance, east. 


Bedford Forest 

Blair Fulton 
Bradford Huntingdon 
Cambria Jefferson 
Cameron Lycoming 
Centre McKean 
Clarion Mifflin 
Clearfield Potter 
Clinton Somerset 
Elk Tioga 
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All mines in the following counties: 


Allegheny Lawrence 
Beaver Mercer 
Butler Venango 
Greene Washington 


| 
f 


ee re ee ee 


es 


VIRGINIA 
West Virginia 


DISTRICT 3—NORTHERN WEST 


| Nicholas County (part) All mines served by or 
| north of the Baltimore & Ohio Railroad. 


State. 


West Virginia 


Railway. 


All mines in the following counties: 

| Barbour Preston 

Braxton Randolph 

Calhoun Ritchie 

| Doddridge Roane 

~ Gilmer Taylor 

Harrison Tyler 
Jackson Upshur 
Lewis Webster 
Marion Wetzel 
Monongalia Wirt 
Pleasants Wood 


DISTRICT 4.—OHIO.—AII mines in the State. 
DISTRICT 5.—MICHIGAN.—AII mines in the 


DISTRICT 6—PANHANDLE 


West Virginia—All mines in the following 


counties: 
Brooke Marshall 
Hancock Ohio 


DISTRICT 7.—SOUTHERN NO. 1 


Fayette County (part).—All mines east of Gau- 
ley River and all mines served by the Gauley 
River branch of the Chesapeake & Ohio Rail- 
road and mines served by the Virginian 


Monroe Summers 
Pocahontas 

Virginia 

Buchanan County (part) —All mines in that por- 
tion of the county served by the Richlands- 
Jewell Ridge branch of the Norfolk & Western 
Railroad and in that portion on the headwaters 
of Dismal Creek east of Lynn Camp Creek (a 
tributary of Dismal Creek). 

Tazewell County (part).—All mines in those 
portions of the county served by the Dry Fork 
branch to Cedar Bluff and from Bluestone 
Junction to Boissevain branch of the Norfolk & 
Western Railroad and Richlands-Jewell Ridge 
branch of the Norfolk & Western Railroad. 


All mines in the following counties: 


Montgomery Giles 
Pulaski Craig 
Wythe 


DISTRICT 8._SOUTHERN NO. 2 


West Virginia 

Fayette County (part).—All mines west of the 
Gauley River except mines served by the Gau- 
ley River branch of the Chesapeake & Ohio 
Railroad. 

McDowell County (part).—All mines west of 
and not served by the Dry Fork branch of the 
Norfolk & Western Railroad. 

Nicholas County (part) .—AIl mines in that part 
of the county south of and not served by the 
Baltimore & Ohio Railroad. 

Raleigh County (part).—All mines on the Coal 
River branch of the Chesapeake & Ohio Rail- 
road and north thereof. 

Wyoming County (part) .—AIl mines in that por- 


McDowell County (part).—All mines in that 
portion of the county served by the Dry Fork 
branch of the Norfolk & Western Railroad 
and east thereof. 

Raleigh County (part).—All mines except those 
on the Coal River branch of the Chesapeake 
& Ohio Railroad and north thereof. 

Wyoming County (part) .—AlIl mines in that por- 
tion served by the Gilbert branch of the Vir- 
ginian Railway lying east of the mouth of Skin 
Fork of Guyandot River and in that portion 
served by the main line and the Glen Rogers 


tion served by the Gilbert branch of the Vir- 
ginian Railway and lying west of the mouth 
of Skin Fork of Guyandot River. 

All mines in the following counties: 


Boone Logan 

Cabell Mason 

Clay Mingo 

Kanawha Putnam 

Lincoln Wayne 
Virginia 


Buchanan County (part).—All mines in the 


county, except in that portion on the head- 
waters of Dismal Creek, east of Lynn Camp 
Creek (a tributary of Dismal Creek) and in 
that portion served by the Richlands-Jewell 


branch of the Virginian Railway. 
All mines in the following counties: 


Greenbrier Mercer 
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Ridge branch of the Norfolk & Western 
Rajlroad. 

Tazewell County (part).—All mines in the 
county except in those portions served by the 
Dry Fork branch of the Norfolk & Western 
Railroad and branch from Bluestone Junction 
to Boissevain of Norfolk & Western Railroad 
and Richlands-Jewell Ridge branch of the 
Norfolk & Western Railroad. 


All mines in the following counties: 


Dickinson Scott 
Lee Wise 
Russell 


Kentucky.—All mines in the following counties 
in eastern Kentucky: 


Bell Lawrence 
Boyd Lee 
Breathitt Leslie 
Carter Letcher 
Clay McCreary 
Elliott Magoffin 
Floyd Martin 
Greenup Morgan 
Harlan Owsley 
Jackson Perry 
Johnson Pike 
Knott Rockcastle 
Knox Wayne 
Laurel Whitley 
Tennessee.—All mines in the following counties: 
Anderson Morgan 
Campbell Overton 
Claiborne Putnam 
Cumberland Roane 
Fentress Scott 


North Carolina.—All mines in the State. 


DISTRICT 9—WEST KENTUCKY 


Kentucky.—All mines in the following counties 
in western Kentucky: 


Butler McLean 
Christian Muhlenberg 
Crittenden Ohio 
Daviess Simpson 
Hancock Todd 
Henderson Union 
Hopkins Warren 
Logan Webster 


DISTRICT 10.—ILLINOIS.—AIl mines in the 
State. 


DISTRICT 11.—INDIANA.—AIl mines in the 
State. 


DISTRICT 12—IOQWA.—AII mines in the State. 


DISTRICT 13—SOUTHEASTERN 


Alabama.—All mines in the State. 
Georgia.—All mines in the following counties: 


Dade Walker 
Tennessee.—All mines in the following counties: 

Bledsoe Rhea 

Grundy Sequatchie 

Hamilton Van Buren 

Marion Warren 

McMinn White 


DISTRICT 14—ARKANSAS-OKLAHOMA 
Arkansas.—All mines in the State. 


Oklahoma.—All mines in the following counties: 


Haskell 
Le Flore 


Sequoyah 


DISTRICT 15.—SOUTHWESTERN 


Kansas.—All mines in the State. 
Missouri.—All mines in the State. 


Oklahoma.—All mines in the following counties: 


Coal Pittsburg 
Craig Rogers 
Latimer Tulsa 
Muskogee Wagoner 
Okmulgee 


DISTRICT 16—NORTHERN COLORADO 


All mines in the following counties in the State: 


Adams El Paso 

Arapahoe Jackson 

Boulder Jefferson 
Douglas Larimer 

Elbert Weld 


DISTRICT 17—SOUTHERN COLORADO 


Colorado.—All mines except those included in 


District 16. 


New Mexico.—All mines except those included 


in District 18. 


DISTRICT 18.-NEW MEXICO 


New Mexico.—All mines in the following coun- 


ties: 
Grant McKinley 
Lincoln Rio Arriba 


IIJ-242 


) 2 Soar ee 


Sandoval Santa Fe 
San Juan Socorro 
San Miguel 


Arizona.—All mines in the State. 
California.—All mines in the State. 


DISTRICT 19—WYOMING 


Wyoming.—All mines in the State. 
Idaho.—All mines in the State. 


DISTRICT 20.—UTAH.—AII mines in the State. 


DISTRICT 21—NORTH DAKOTA-SOUTH 
DAKOTA.—AIl mines in North Dakota and 
South Dakota. 


DISTRICT 22—MONTANA.—AIll mines in the 
State. 


DISTRICT 23—WASHINGTON 


Washington.—All mines in the State. 
Oregon.—All mines in the State. 
Alaska.—All mines in the Territory. 


SELECTED BIBLIOGRAPHY 


American Gas Association, 1967, Gas Facts, 1966 Data: 
Am. Gas Assoc. Bureau of Statistics, New York, N.Y. 

Atlas of Illinois resources, 1959, Mineral resources, Sec- 
tion 2, research agency, Illinois Geol. Survey produced 
for Division of Industrial Planning State of Illinois. 

Averitt, Paul, 1961, Coal reserves of the United States, 
A progress report, Jan. 1, 1960; U.S. Geol. Survey 
Bull. 1136. 

Brant, R. A., 1953, Lignite resources of North Dakota: 
U.S. Geol. Survey Circ. 226. 

Brown, Andrew, Culbertson, W. C., Dunham, R. J., Kep- 
ferle, R. C., and May, P. R., 1954, Strippable coal in 
Custer and Powder River Counties, Montana: U.S. 
Geol. Survey Bull. 995—-E. 

Brown, D. M., 1952, Lignite resources of South Dakota; 
U.S. Geol. Survey Circ. 159. 

Burchett, R. R., and Carlson, M. P., 1966, Twelve maps 
summarizing the geologic framework of southeastern 
Nebraska: Nebraska Geol. Survey. 

Cady, G. H., and others, 1952, Minable coal reserves of 
Illinois: Illinois Geol. Survey Bull. 78. 

Clegg, K. E., 1961, Subsurface geology and coal resources 
of the Pennsylvanian System in Sangamon, Macon, 
Menard, and parts of Christian and Logan Counties, 
Illinois: Illinois Geol. Survey Circ. 312. 

Combo, J. X., Brown, D. M., Pulver, H. F., and Taylor, 
D. A., 1949, Coal resources of Montana: U.S. Geol. 
Survey Circ. 53. 

Combo, J. X., Holmes, C. N., and Christner, H. R., 1950, 
Map showing coal resources of Montana: U.S. Geol. 
Survey Coal Inv. Map C-2. 

Folsom, C. B., 1967, North Dakota crude oil inventory 
as of Jan. 1, 1967, North Dakota Geol. Survey. 

Federal Power Commission, 1964, National power sur- 
vey, Part I and II. 

Federal Power Commission, 1967, Water requirements 
for thermal electric generation in the Missouri River 
Basin: Chicago Regional Office. 

Future Requirements Agency, 1967, Future natural gas 


requirements of the United States Vol. 2: Denver Re- 


search Institute, University of Denver. 

Groff, S. L., 1967, Montana’s place in the nation’s coal 
energy picture: Montana Bureau of Mines and Geol. 
Illinois Annual coal, oil, and gas report, 1967: Depart- 
ment of Mines and Minerals 1950 and thereafter. 

Illinois Mining Institute Proceedings 1963-1966. 


Illinois Petroleum Industry, 1965: Illinois Geol. Survey 
Ill. Petroleum 83. 

Landis, E. R., and Van Eck, O. J., 1965, Coal resources 
of Iowa: Iowa Geol. Survey, Tech. Paper No. 4. 

Montana, 1966, Annual review of oil and gas: Oil and 
Gas Conservation Commission Vol. 10. 

National Coal Association, Bituminous Coal Facts, 1964, 
Washington, D.C., 1965. 

National Coal Association, 1966, Steam Electric Plant 
Factors, August 1967. 

Railways Systems and Management Association, 1967, 
Unit Train Operations, Chicago, IIl. 

Searight, Walter V., Mineral fuel resources, coal, mineral 
and water resources of Missouri Volume XLIII Second 
Series 1967 Report of U.S. Geol. Survey and Missouri 
Geol. Survey, p. 235-243. 

Simon, J. A., 1966, Illinois Geol. Survey, Low sulfur coal 
in Illinois, presented before the East-West Gateway 
Coordinating Council, Edwardsville, Illinois, Oct. 11, 
1966. 

Smith, W. H., 1957, Strippable coal reserves of Illinois. 
Part 1.—Gallatin, Hardin, Johnson, Pope, Saline, and 
Williamson Counties: Illinois Geol. Survey Circ. 228. 

, 1958, Strippable coal reserves of Illinois. Part 2.— 

Jackson, Monroe, Perry, Randolph, and St. Clair 

Counties: Illinois Geol. Survey Circ. 260. 

, 1961, Strippable coal reserves of Illinois. Part 

3.—Madison, Macoupin, Jersey, Greene, Scott, Morgan, 

and Cass Counties: Illinois Geol. Survey Circ. 311. 

, and Berggren, D. J., 1963, Strippable coal reserves 
of Illinois. Part 5A—Fulton, Henry, Knox, Peoria, Stark, 
Tazewell, and parts of Bureau, Marshall, Mercer, and 
Warren, Counties: Illinois Geo. Survey Circ. 348. 

Risser, H. E., Trends in the use, cost and competitive 
position of fossil fuels, Reprint from Coal Mining & 
Processing April and May, 1965. 

Risser, H. E., Coal mine productivity—some things the 
averages don’t tell. Reprint from proceedings of the 
Council of Economics of the American Institute of 
Mining, Metallurgical, Petroleum Engineers, Annual 
Meeting, New York, N.Y., 1966. 

U.S. Bureau of Mines, 1967, Coal—bituminous and lig- 
nite, Minerals Yearbook, 1965. 

Ward, A. E., 1966, Fossil Fuels and their estimated costs 
in the Missouri River Basin: U.S. Bureau of Mines, 


paper. 


ITI-2-43 


CHAPTER Ill 
GENERAL PATTERNS OF GENERATION AND TRANSMISSION 


Introduction 


The purpose of this report is to provide general 
information relating to anticipated patterns of gen- 
eration and transmission in the West Central Region 
during the period through 1990. Developing and 
presenting this information was accomplished by 
means of a specific pattern for each of the years 


1970, 1980 and 1990. 


Generating Facilities 


About 90 per cent of the electric energy pro- 
duced in the West Central Region is presently sup- 
plied by conventional steam-electric generating 
plants. Most of the remaining generation is supplied 
from hydroelectric resources and much of this from 
the Federally owned and operated projects in the 
Missouri River Basin. About 100 small privately- 
owned hydroelectric projects are located on the 
upper Mississippi River and its tributaries in Wis- 
consin and Minnesota. Only 226 megawatts of 
nuclear power are now in productive operation in 
the West Central Region, less than one per cent of 
the total supply. 

Tables 2, 3, and 4 show the over-all projections 
of generation expansion for the West Central 
Region classified into subtotals by PSA, types of 
generation and size, and approximate geographic 
location. The expansion shown is intended only to 
generally depict that which is presently believed to 
be a likely pattern of development of generating 
sources to serve the loads forecasted through 1990. 
In this effort, fully coordinated planning and op- 
eration of all electric systems in the region is as- 
sumed to be a reality by the the 1980-1990 period. 
A comparison of these power supply sources and 
the anticipated load in the West Central Region, 
detailed in the section entitled Load and Energy 
Projections, indicates the reserve generating capac- 
ity to be 20.8% in 1970, 15.6% in 1980, and 16.6% 
in 1990. These values are based upon seasonally 
coincident loads but do not reflect the additional 


reserve which results from diversity of load require- 
ments between utilities during a given season. The 
reduction in reserve after 1970 comes about from a 
more coordinated use of surplus generation and 
diversity, and from an anticipated integration of 
planning and operation of smaller systems with the 
coordinated operation of large systems. The indi- 
vidual PSA capacity and load relationships are 
not necessarily in balance, due to economic unit 
sizing and location considerations. The assumed 
power transfers between PSA’s are noted in Table 3. 

In developing the pattern of power supply for the 
region, information was provided by individual sys- 
tems, coordinating groups and area study groups 
from projections of generating capacity additions 
and retirements. As such the generation expansion 
plans reflect the overall judgment of a number of 
planning organizations concerning the mix of nu- 
clear and fossil base generation and the amount 
of peaking capacity to properly balance this gen- 
eration. The anticipated retirement of capacity in 
each system was governed by age of equipment, 
economic consideration and peaking service re- 
quirements and generally conforms to about 395 
years expected life for both fossil-fueled steam gen- 
erators and diesel generators. Most hydro equipment 
was considered replaced in kind. Inasmuch as the 
equipment retired is of the small unit classification, 
the replacement of this capacity is projected to be 
with equipment which falls approximately in the 
same category because of the continued need for 
peaking capacity. 

The development for 1990 is extracted and shown 
in Table 1. This table summarizes the amount of 
various types of generating capacity in each PSA 


-and shows a total of 151,041 megawatts designed 


to supply a non-coincident summer peak demand 
which is elsewhere predicted to be 130,240 mega- 
watts. It indicates that 57 per cent of the electric 
generating resources by the end of the report period 
might be anticipated to consist of nuclear-type gen- 
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TABLE 1 


1990 Net Generating Capacity in Megawatts 


PSA 
Total 
13 14 15 16 17 26 D4 28 40 
Source of capacity: 
Peecranucas turbines....... 1,309 4,726 1,200 » 1,180 1,424 .o.......-5.: 102 830 10, 767 
Conventional hydro......... SOD Meare tae * 358 QO, ca epe Pri gseens ahs: « 2, 580 LON enna 3,617 
EAU CCESCOLAL Erin cess nrstore seni ss esc rele arse ctanelenct SHOR a cuchs n Bho yo miOwes ceaecne a exe, ca eRe ane Pr are 350 
Steam-electric fossil fuel: 
GO SOSIW ARIS. seein overs Ono 2 eee! OOO nd 20) eesuGor = ¥30522 1680 1,794 1525 6,055 29, 141 
POO MIN WIS ie xn ve ee se ns 1715 3,414 SURE ae Meeks ste AAO ones 4,400. 14,509 
SOONG IMW UNIS s26 ae cs 25 sou tees o9 oy sne ene 1600" Barer ZOO ert AU ree swabs a6 es 2, 800 6, 600 
VEDO ceney eae! OPER s Sic.e Siero. orSeteegesida ma cece has OPEN SOR SO IE > Cte RENE ne ae ae eee er 
Nuclear: 
Wes OOMANY UITIAES 2 fa) <2 xf. oe apie wie he ofa) 200M Beer ae SUS) sePers cc demo GREMe oy biGhoso ROR MCR RCM ae Rea een ae 286 
400-799 mw units........... LS) 2 Pere ee. See eae SOTO OU! ene Soot aes tae AOS Spies, saan 17, 635 
800-1199 mw units.......... ROO. 10,018 44200 Sst. oaks) acavesoegeadc 3,000 1,600 31,236 
PW. ANC OVER. ci. 2c ieee eee ss TOS 00 Mai ae OOem e500) 83000" Soke tl ates tres Steen oe 5,700 36,900 
Migtaleapacity.tes 6. hoe 6. a es 17,659 35,719 19,748 19,632 18,064 680 8,774 9,380 21,385 151, 041 
Percent distribution: 
Diesel and gas turbines...... 7 13 6 6 Sa rey yele ack 1 3 7 
Conventional hydro......... PEE on. eee 2 ah as a Ae POS 29 ie a vat 3 
AMES (OLALC wn nciewiare cn KOS WET ETO ees ccc eee OE Te eee ee 0 
Steam-electric fossil fuel... ... 50 10 3y 33 18 100 71 16 62 33 
PNMICICAR Erte ec fies Se eos 4] Zi 58 59 TAMERS Member tee = 81 50 57 
CHESS hur) ieee 100 100 100 100 100 ~=100 100 100 100 100 


eration (contrasted to 32% in 1980) and 33 per 
cent of fossil-fueled steam-type generation. The re- 
maining 10 per cent is peaking capacity although 
additional peaking capacity is included in the fossil 
fuel category. Less than 1 per cent is shown as 
pumped storage which is that presently existing. A 
number of potential pumped storage and conven- 
tional hydro sites exist which have been examined 
in varying degrees of thoroughness. Although sev- 
eral regional utilities have studied the economics 
of installing pumped storage facilities, to date ad- 
ditional installations of this type of generation have 
not been committed. It is recognized that pumped 
storage hydro does complement nuclear generation 
and continuing studies are anticipated which may 
determine justification for such developments. Such 
studies must weigh the load factor involved, availa- 
bility and cost of fuel, capital costs and technical 
operating considerations. 

Almost half of the 1990 capacity is shown to be 
in units of 800 megawatts or larger. Generator unit 
sizes up to 2000 megawatts and total plant size up 
to 4000 mw are included. | 


There appears to be no lack of reasonably avail- 
able resources for the generation of electric energy 
to meet power requirements for many decades 
ahead. In addition to the major role which will be 
played by nuclear fuel, fuel supplies needed for 
major expansions in conventional steam-electric 
generation in the eastern part of the West Central 
Region are abundantly available in the bituminous 
coal fields of south central Illinois, lower Indiana, 
western Kentucky, west central Missouri and south- 
ern Iowa. Large deposits of lignite are situated in 
North Dakota and eastern Montana and sub-bitu- 
minous coal in eastern Montana and Wyoming. The 
locations of these deposits are described in the In- 
ventory of Fossil Fuel Resources. Water as well as 
rail transportation is available for movement of 
these fuel supplies to many of the major centers of 
generation. The navigable waterways of the Missis- 
sippi, Ohio, Tennessee and Illinois Rivers afford 
economic access to coal fields and the waterways of 
the Mississippi, Illinois and Missouri Rivers and 
the Great Lakes permit extensive distribution of 
coal supplies into the area. 
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TABLE 2 


FPC—West Central Region—Patterns of Genera- 
tion and Transmission; Projected Total Gen- 
erating Capacity, Megawatts 


PSA 1970 1980 1990 


In determining the relative economics of nuclear 
versus fossil fuel generation in the region, considera- 
tion has been given to the installation of mine- 
mouth plants in southern Illinois (high grade bitu- 
minous coal) and similarly in North Dakota (lignite 
fields). The advantages of low fuel costs outweigh- 
ing the higher transmission cost make many of these 


WB 0 ide need e eh ee s oe ees 5,729 10,076 17,659 _ sites economically attractive. However, in consider- 
14 : 10,435 18,960 35,719 : : : : 
GN Oe ages sae ; : ; he use of such generation, practical economic 
ene Nh te cant 4545 11198 WO74e ee ee ‘ : paren . 
16 2 se Lae enews, 5,215 9,503 19,632 © Tequirements place hmuitatons upon 
ee eee eee ee 4,205 9,826 18,064 _ sion of large blocks of pewer and energy over dis- 
2 hahaa ent Medians ae Rae 280 680 680 tances generally in excess of 500 miles unless a por- 
fe 3, ne 4, 424 8, 774 tion of the capital cost of associated transmission 
2 Gro Me Sita oie Area hoe an ep 1, 74 4, 880 9, 380 “42,5 : : red 
At crs ud aces wee 7,037 10,285 21,985  -aellities can be assigned: to areas seos ae 
ments and system integrity. 
Totale ins cet een 42,065 79,832 151,041 Although an extensive network of natural gas 
pipelines extends into the West Central Region 
TABLE 3A 


FPC—West Central Region-——Patterns of Generation and Transmission, 1970 Net Generating 
Capacity in Megawatts 


PSA 
Total 
13 14 15 16 17 26 27 238 40 
Source of capacity: 

Diesel and gas turbines....... 470m 26 300 439 DSO i ccats aes ee 102 330 Spee ul 
Conventional hydro......... SOS eater 358 303 Lowe cient 2, 048 120: 2) eee 3, 149 
Pumped: Stovage. es ota se a le ear ee BDO! a. s-c)saragantity a ale aie peusc sssteied RSPAS CEE ee ae 350 
Steam-electric fossil fuel: 

OSS OO TIWattnEiS pane ee 4,495 5,852 2,313 3,287 2,880 °280 1/034 1,525" °S)507see 27 an 
400=799 iw watts online cree ee ee Ole 580) spot cogitionts auth alee See 1, 200 4, 509 
800=1,,199, maw Units ssc 0.0 Sr ese aie Ges lets Ele Basted «xq. ck pape ee ale elins sce ected uae cecum a 
1,200 maw aridyOVer ig a..5-syisssinsies aj: 6: e%-o seria ig coe calves siney one 2eateBO ae Perle ee eos oe Pee Ren Se 
Nuclear: 

OBS) Wy MOS 6 ood ko doe gare momo aot PAGAN Rae ergs tae BOs os). PELE i eee 286 
400-799 mw units........... oO a sas nls ee 520) cs ae. SARS. A eee 974 
SOOSISOO ani Waits ert ene nee Na, Pater eo MI So Oboe IZLé .nomele sa rien Spt eee 25318 


L200 miw, and overseer yates. ees ees ee ee ie 


Total capacity 


Percent distribution: 


5,729 10,435 4,335 


oo 0 8 we Wee Wale 0) 9 ae 08 80) 0. 6 6 6, 0 0) 10,10. 6) 6: 0:6) a) 0-6 0) co -@ 0 ea a 


280 3,082 1,747 7,037 9 e2e0e> 


Diesel and gas turbines....... 8 1] 8 |e ie seers Pah criee 6 5 8 
Conventional hydro......... SS ae eee GOV e ere 60 ibis ise. 7 
Pumped storageiy. iv. cee rede et steal te 8 RE Fee 1 
Steam-electric fossil fuel... ... 19 42 77 73 68 100 40 87 95 15 
Nuclearss iste ease, oe 8 i Re set 13 19) os wiead: olengyes oyebage yer a eee 9 
OPA ae oka sah witness 100 100 100 100 100 100 100 100 100 100 
Notes. 1. Preference customer load in PSA 16 is assumed to be 130 mw in 1970. Served by generation in PSA 27. 


. 1,000 mw of Joppa Plant is included in PSA 40. 


. Preference customer load in PSA 17 is assumed to be 155 mw in 1970. Served by generation in PSA 27. 


. 555 mw of PSA 40 generation for PSA 15. 
. 1,552 mw of PSA 40 generation for PSA 14. 
. 365 mw of PSA 17 generation for PSA 14. 


] 
2 
3 
4. All of State Line is included in PSA 14 rather than PSA 12 of the East Central Region. 
5 
6 
7 
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from gas fields in Oklahoma, Kansas, Louisiana, 
and Texas, firm natural gas supplies are not cur- 
rently available in sufficient quantities to fuel com- 
pletely full scale generating facilities in the region 
and, in any event, the utilities are not in a position 
to construct new generating stations which are de- 
signed only for the burning of natural gas at or near 
prevailing prices. In view of the availability of al- 
ternative fuels at prices well below what firm gas 
would have to command and the rapidly expanding 
demands for natural gas for other uses it is unlikely 
that such contracts will be consumated by the utili- 
ties of the region. 


To date, nuclear power has been adjudged feasi- 
ble where conventional fuel costs remain above ap- 
proximately 25 cents per million Btu. Such judg- 
ments have been influenced by the elimination of ° 
fossil fuel air pollution, the logistics of fossil fuel 
transport and an anticipated greater reliability of 
nuclear generation. However, current decisions to 
install additional generation are being subjected to 
substantially increased capital costs of both nu- 
clear and fossil-fueled facilities, to reductions in 
fuel transportation costs for large coal movements 
by unit train, to the need for gaining experience 
with those units previously committed, and a desire 


TABLE 3B 


FPC—West Central Region—Patterns of Generation and Transmission, 1980 Net Generating Capacity 
in Megawatts 


PSA 
Total 
13 15 16 16 17 26 27 28 40 
Source of capacity: 
Diesel and gas turbines....... 598 2,326 1,100 738 Sa) ON" ass Acces £5 ceo ees 102 230 5, 950 
Conventional hydro......... SOD Meroe: srt 358 303 Die Mere ets 2, 080 120. casera 3, 168 
BOS ISOLA Te is fai. 5. Pectin Wee ows « OS AED) che C085 IONE SO OO Ole See a EO rc CEASE 350 
Steam-electric fossil fuel: 
0-399 mw. UNS... evn. ears He 50me COlee teo76) 3,791 3,200 680 1,344 1,525 (6,055 28,622 
SE OOIAW UNIS 5 aoc cis 5 bes cise 2 ws 58 flo. 3,404 5B Spe cite aie. aioe rec 13000 Ponce 3, 200 9, 909 
LOOMINW UNITS: -. oc ac ac ce ste sce nes aoe WOOO seioe Rion cic oe Gein wir egs Ss ee eta 800 2, 400 
(LD sony BERG V CRETRA ba Goh o Bb doakiin © CG RRND CORIO ae CnARS Ss Cin ienes etee ener ee, Se ene ar eee ane nee ee 
Nuclear: 
WE FO UMOW UNITS Ai. fic. ee es ew a ZOO wre. a0: ap Ss SOE Bir aoe nas oie SAEs Cakieu ni aaete eset 286 
400-799 mw units........... SOD Saga: oe i de 550 Ce POO Gee p AOOO TE rick te Soitau. oe i Be le ay 10, 411 
BOOM POS WW, UNITS. asi ein sc eo tee oa POM NG meer OOO es Mie LOO tee 21 Sis Pe ie. louse hy asec asa 0 16, 036 
RRMONORTEISVEAING -GVET 2p... 58 ats Sy. © Gicetyers. + epsie ye sponse. a3 WOO ah. cases «ke D500 ea ahs Oo) inns o's Oe ms 2, 700 
“ie CA a 10,076 18,960 11,198 9,503 9,826 680 4,424 4,880 10,285 79,832 
Percent distribution: 
Diesel and gas turbines!..... 6 12 10 8 a ees Eee 2 2 7 
Conventional hydro......... Daa erin stg 3 Seay tomers ee a 46 Be curor 4 
Pe MISLOUAGE ase on ks. este woes o sears 's od 0s 2 EE Ao SABE OS OCR CEO eC ee ee Oe 1 
Steam-electric fossil fuel... ... 58 34 59 45 33-100 54 31 98 51 
SENG IOaTR, a2 AN ee 33 54 25 44 BO ai damon 64 0 37 
UNS. 9. RO eee 100 100 100 100 100 100 100 100 100 100 


1May be supplemented by pumped storage hydro for peaking service. 


Notes. 1. 


1990. 


. 960 mw of PSA 40 generation for PSA 14. 
. 2,309 mw of PSA 17 generation for PSA 14. 


1,000 mw of Joppa Plant is included in PSA 40. 

. Preference customer load in PSA 16 is assumed to be 250 mw by 1980. Served by generation in PSA 27. 

. The Manitoba Hydro development delivers 800 mw to PSA 16 by 1980 through 1990. 

. Preference customer load in PSA 17 is assumed to be 293 mw by 1980. Served by generation in PSA 27. 

. By 1980 the CPPD Cooper plant development in PSA 28 delivers 400 mw to PSA 17 which continues beyond 


. All of State Line is included in PSA 14 rather than PSA 12 of East Central Region. 


III-2-47 


to maintain a diversity of supply. A substantial re- 
duction in costs can be achieved for both nuclear 
and conventional power plants by increasing the size 
of generating units, and joint participation in plants 
of large size consequently will be studied closely. 
Because the thermal efficiency of nuclear plants is 
somewhat less than that for modern fossil-fueled 
plants, nuclear plants require about 40% more cool- 
ing water. However, there need be no adverse effect 
on aquatic ecology if cooling water discharge tem- 
peratures are held within acceptable limits. 


The Water Quality Act of 1965 places the re- 
sponsibility for the development of state standards 
and interstate standards with the states involved. 
Such standards must be approved by the Secretary 
of the Interior. For the most part, new water quality 
standards have been adopted by the respective states 
and approved by the Secretary of the Interior. The 
enforcement of approved water quality standards is 
the responsibility of the respective states, with the 
Federal Water Pollution Control Administration 
acting as a secondary enforcement agency. 


TABLE 3C 


FPC—West Central Region—Patterns of Generation and Transmission, 1990 Net Generating Capacity 
in Megawatts 


PSA 
Total 
13 14 15 16 17 26 PH E 28 40 
Source of capacity: 
Diesel and gas turbines....... 1,305 4,726 1,200 1,180 1,424 ............. 102 830  =10, 767 
Conventional hydro......... SSC waitin, 358 pi Smee RU NRL, ee 2, 580 120 oe 3, 617 
Pumped storage: ...a to see ee rene 0.) ane ie NS a racAA SE Ran roe Gs, S Ssa.cid a0 0 2 350 
Steam-electric fossil fuel: 
0-399: mw wits feo. foo fees 8,822 1,660 1,426 3,857 °3,322 680 1,794 1,5255 ~"6)005 ez aras 
400-799 aniwiliiltss Giese. 2 fea ee PES 1,715 3,414 pole Ou iaretie nc ac trators ane 4, 400 Fee 4,400 14, 509 
S00=L 199 mw units! 23a nc ee ee es 1, 600 * 52, 200V SS) anh He eee we Te eee ere 2, 800 6, 600 
1,200 mwrand) Overs 6.06 eo ce ae ae aly Hace eal elelate oe oly mater rmeta ee eat de otal eae eines tee Se 
Nuclear: 
0=399 maw amtits..6 42 697 Jas eee 200 Fo enra ae 86 couched. sd at a altes oe oe 286 
400-799 mw units........... C427 vie BBO ees 3) 635 (2, 9000). 7 oie eee 4,633 2. eee 17, 635 
800-1,199 mw units......... 8005 10,918 “45200" 353007 248 Ree ee eee 3, 000 1,600" = 31236 
13200 saw and Over’. 9200 sate oe 16,500 °F, 200° 4.500. “30008 Sao ec eee 5,700 36, 900 
Totalcapacty aete ase eae 17,659 35,719 19,748 19,632 18,064 680 8,774 9,380 21,385 151, 041 
Percent distribution: 
Diesel and gas turbines!..... 7 13 6 6 ee Oat ok ep l 3 7 
Conventional hydro......... Danaea ewe nee 2 Pee een A ee 29 2 a eee 3 
Pumped: storaves... io), Saas < Meee ee eee 1 OTR AD! Pe Ap IO EL Se ON do 2 0 
Steam-electric fossil fuel... ... 50 10 32 33 18 100 7\ 16 62 33 
INucleate ce ersene ae ore ear 4) Uy) 58 ag UE Ere 81 35 a 
ALGtale wine tate ean ee rare 100 100 100 100 100 100 100 100 100 100 


1 May be supplemented by pumped storage hydro for peaking service. 


NoTEs: 
. 1,000 mw of Joppa Plant is included in PSA 40. 


. 1,980 mw of PSA 40 generation for PSA 15. 
. 3,060 mw of PSA 40 generation for PSA 14. 


] 
2 
3 
4 
Sy 
6 
7 
8 
9. 3,809 mw of PSA 17 generation for PSA 14. 


. The Manitoba Hydro development delivers 800 mw to PSA 16 through 1990. 

. Preference customer load in PSA 17 is assumed to be 538 mw by 1990. Served by generation in PSA 27. 

. Preference customer load in PSA 16 is assumed to be 500 mw by 1990. Served by generation in PSA 27. 
The CPPD Cooper plant development in PSA 28 delivers 400 mw to PSA 17 which continues beyond 1990. 
. All of State Line is included in PSA 14 rather than PSA 12 of the East Central Region. 
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TABLE 4 


FPC—West Central Region—Generation Patterns 


Gen- 
eration PSA 


1970 


1980 


1990 


area Fossil Nuclear Hydro Peak- Fossil Nuclear Hydro Peak- Fossil Nuclear Hydro Peak- 
steam steam ing steam steam ing steam steam ing 
1 27 OE Naren LGD =e SO cele ea es 1690 0 ee ASO re Aen e 165" Tene 
2 aa | C2OqF ee eee A002) Se. 230308... a 400" Ea ALO3O WES SER 400 ss eee 
3 27 TO rats Sah ae eee 210...) oa cee ee ke 860 ..0.0c% . Soa 
4 27 AG 5 by si cti tial LAB SoM reat 48 Binge 131 Bags cae OAS. secnenveds leat 2,019 > eaeeemee 
5 26 280) eee ok eee aceon GB80F. sd Bane oreo ates 680 ......+005$ one 
6 16 DOO gic ae ako “im 13 SOSp te alr ree ites 13 1, 047... cusesensinendl © eee ae 
7 16 251 eee ee 120 19 DR) ae err, See 120 19 315 770 98. > a aamieee 
8 16 ay 26% wee Fde 93 52 JG: ol ae 93 25 26 Ree 83 
3) 16 SR ean decries gh Car 32 O95 Mea ee rs ot aaa 32 246 ig case oe 200 
10 16, -»2;098 520 6 58" 241022 27705 6 208° :2,:954"° 9,405° "eee oor 
li 16 138 Os See ere 16 288 OW es oar - 15 220 OQ. ft oe 200 
12 16 O07 er aes: eee cee 172 GG? en ee bee: 322° 51, 300s ae 300 
13 17 CU Res, ae Oe Sere Sa: 130 138 RBS. ose Se 280 738. 1, 300. Seer 529 
14 17 ADO Meee 3 2 76 458 DOOM alee csc 137 414 2,100" ee 213 
1S Ws C634 Fs Beware 2 33 663 550 2 es 649) L100: ee eae 255 
16 28 LOB Seiad» 3 80 12 1Q8 8 eae 80 12 108 800 80 12 
17, 28 LUT peer 40 45 Lies le atOO 40 45 EE tee 40 45 
18 QB toss OT ch StS Sertoli, 350 1, O27) LF 255 0ee 3 re 35 1,027 3,155, eee 35 
19 28 279s... o eho eae 10 279 71 OME, 8 ayer 10 279: 25578" 2a 10 
20 17 O10 NE Bo 5s BAe 204 578 BOO} maeoeaee.. 5 198 7718 1,800. = 3a 406 
Ae | 17 797 77k 1] 96 7632 fos O18 £m s 126 743 7,,.0189 meee 221 
22 NG Masr, tet ee ees Re Oa de eR PEN ae: Se BS OF So. ees, sap ee 2, 400 130° Sakae 
23 DS cee. gph cot cess a Re is wealis + oR i MN nea tae ea 2,600 .« Aaa 
24 15 D2 0 on oe eee 228 300 620 = 1, 200 228 100 470 2,400 228... ieee 
25 BOs oss: co es we Oh ORE an oe, Roe ee teen 2500.” okie alee ae yun eee ee 1 350° Bo eee 
26 MP © 2, GOT eat eee Re san ae 5eO70~ “ily G00 Re iy eee 1,000 5,970: 4,000 22a 1, 200 
Za AO ol 571 Sah tae ado Os cs Beatie SUMS: BOS: sn oes eee 230 3,365 2,400) “eee 830 
28 AO UM det jes ae a Mepis ts Pee LOO ck oni Oa Selec ak eee cca 1, 200 2.8. 20s. oe 
29 AO: OOO seat, « Bae <n a ego cane 1 O00 tc SEs eee ee 1,000 . sc: t08h. + 4, Sp eee 
30 40 DOO po diiue: oh cv eae ie eee LOO W362: ok AN: Se Re ee 800 .......52. eee 
31 40 DLO’ cay a EEN 6 rene 100 21 0 seeacenee thee nr oe eae 210. os incsoeees 4 ee) ene 
32 AOD BROS 2) sh slant ich teehee ae D, 280 halen BRE Oe a 6, 480 3, 700 's. Sa eee 
33 40 200 re ane ees eee cae 40 tee area reece ah eon teh oo 200 1,200 ....25, eee 
34 14 300% Hace eee hom Sars ee S00 & 3000s ra eeceener iS 300 6,800 . heen 
39 145s 6, SOR ype 42 cee 1,053) 5 5x Ba8eye B15. Rel ne 2,253 3,075 16,618 Sy yaaueee 4, 353 
36 14 OO Re ces Sodan Nee Ue L5G uted ep teneicc re tee 13) hae 4; 200 72a 313 
of 16 630 OO) eee eee 630 DOO Rens reed aires 530 590. ...o, ee 
38 16 Dn tn tee ee APA 36 2 770 Lai, BOYS “ee 770 1560253 o oe 
39 13 103 23, ey ee 126 62 2 fH ice es 126 62 292: on cee 126 82 
40 13 Qa er eee 168 117 AD eae e eee 168 170 906 Lacan ee 168 204 
4] 13 635 454 1] 4] HEE NBS 11 81 953 27319 HM 161 
42 DiS 2) OOM ire at) nee 86 3, 780 Ao O re nrecs fe Cee Gy, Shes. 2,000 2 eae 329 
43 13 G4 lie re. deen ea at 169 641 1.054) meta Lot 641 2; 908: =. eae 529 


1 Pumped hydro. 
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INDICATIVE TRANSFER CAPACITIES IN MW BETWEEN SYSTEMS IN WEST CENTRAL REGION 
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INDICATIVE TRANSFER CAPACITIES IN MW - WEST CENTRAL REGION AND SURROUNDING SYSTEMS 
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The West Central Region has some of the largest 
natural cooling water resources in the nation, 1.e., 
Lake Superior, Lake Michigan, the Mississippi 
River, and the Missouri River. These resources will 
provide many generating plant sites of 5,000 to 
10,000 megawatts which can be used without dis- 
turbing the ecology provided there is proper man- 
agement of the environment by government and 
industry alike. In many areas ground water supplies 
are also available for moderate amounts of genera- 
tion requiring conventional cooling tower use. 

The effects of warm water on aquatic ecology are 
being studied and reflected in the efforts of the 
region’s utilities. Commonwealth Edison Company 
is engaged actively in research concerning the effects 
on the aquatic ecology of adding heat to natural 
bodies of water. This research includes extensive 
measurements and sampling at sites of existing large 
generating stations and extrapolation to planned 
sites. The purpose of this research is to determine 
how to design its new generating units so that they 
can be operated without damaging the aquatic 
environment of the lake or river from which cooling 
water will be obtained. The water standards of the 
state of Illinois require that no effluent raise the 
temperature of Lake Michigan water over 85° F. 
after mixing. The temperature in streams is limited 
to 5° F. above ambient, at a rate of change no more 
than 2° F. per hour and a top of 93° F. in industrial 
reaches, with lower temperatures elsewhere within 
Tlinois. 

The Minnesota Pollution Control Agency has 
been in the process of classifying and setting stand- 
ards for the rivers of the state. Temperature regula- 
tions constitute the prime area affecting plant oper- 
ations. These temperature regulations have under- 
gone changes from time-to-time and presently are 
being reviewed to conform with the requirements of 
the FWPCA. At present the Northern States Power 
Company has a cooling pond in operation at one 
plant which is operated from May through October 
as directed by a Federal-State pollution abatement 
conference. A helper-cycle cooling tower was con- 
structed and is operated at the newest generating 
plant in conformance with the terms of the permit 
issued by the State agency. This limits the plant 
effluent temperature to 86° F. Cooling towers are 
included in the design of two large nuclear plants 
presently under construction in anticipation of state 
agency temperature limitations of 86° F. for mixed 
water or 5° over ambient. Capital costs for cooling 


facilities to date are estimated at $10,000,000 for 
plants totaling 2700 megawatts. 

One utility in the area is constructing a 20 mega- 
watt plant utilizing a recently developed air cooled 
condenser. This plant is to be a prototype for larger 
plant installations now under consideration. Be- 
cause this type of facility eliminates the need for 
large quantities of cooling water, it may provide 
greater freedom in the siting of moderate size gen- 
erating facilities. 

In addition to state and local agencies, the Air 
Quality Act of 1967 introduces a new factor. The 
Secretary of Health, Education, and Welfare is to 
designate air quality regions and issue criteria and 
control technology documents. The governors of 
states involved will have approximately nine months 
to draw up standards acceptable to HEW and an- 
other six months to establish a method of control 
for the region. Additional research and develop- 
ment of control technology is being funded under 
the Air Quality Act, but to date the control strate- 
gies commercially available to the utilities are largely 
the use of precipitators and high stacks. 

The concern of Wisconsin companies for proper 
and effective control of air and water pollution has 
been expressed by the formation of an active task 
force on air and water criteria. This task force, 
which is sponsored by the Wisconsin Utilities As- 
sociation, has been working with the Wisconsin 
State Department of Natural Resources to provide 
the Department with data on the problems of es- 
tablishing adequate criteria for the control of air 
and water pollution. This task force has provided 
the Department with information on studies being 
conducted by a number of Wisconsin utilities. It is 
hoped that the results of these studies will provide 
the industry with knowledge that can be used to 
properly assess the degree and consequence of water 
and air pollution. 

The problem of air pollution weighs heavily in 
the choosing of generation sites, the type of fuel 
used, the capital costs of equipment to maintain 
acceptable conditions, and ultimately on what the 
cost to the customer will be. The future will remain 
uncertain until air quality and emission standards 
are defined more clearly and equipment for reduc- 
ing sulfur emissions is developed and becomes avail- 
able commercially. 

In addition to studies of water and air problems, 
Wisconsin utilities are improving their control of 
fly ash through the installation of more efficient 
precipitators and taller stocks in existing plants and 
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through the substitution of gas for coal at some 
plants and the installation of nuclear-fueled units 
rather than fossil plants. New coal-fueled plants 
feature high stacks and high efficiency precipitators. 

For the Commonwealth Edison Company, its 
Clean Air Program provides for the siting of new 
coal-fired generating capacity outside the Chicago 
Metropolitan area, accelerating the retirement of 
many of its older, less efficient coal-fired generating 
units, installing nuclear capacity instead of coal- 
fired capacity where economically feasible to do so, 
and burning large quantities of off-peak natural gas 
in the boilers of its Chicago area generating sta- 
tions. Additionally, Commonwealth is participating 
in the City of Chicago’s Air Pollution Incident Con- 
trol Plan. The company has agreed, during periods 
of severe and prolonged air stagnation (over 36 
hours), that it will when requested by the City, 
reduce by up to 22 percent the amount of produc- 
tion from its coal-fired units in Chicago by shifting 
generation to remote stations and will burn natural 
gas fuel in the boilers of those units to the extent 
such gas is available. 

Commonwealth has already spent about $50 mil- 
lion for the abatement of air pollution by installing 
high stacks, high efficiency electrostatic precipita- 
tors, and gas burning facilities on coal-fired gen- 
erating units. The company plans to spend several 
millions of dollars more over the next few years on 
further improvements to existing facilities. 

Since 1956, Commonwealth has retired 14 old 
coal-fired generating units and plans to retire 12 
more by 1970. The retirement of these units will 
be hastened by the installation of over 1.3 million 
kw of fast-start peaking capacity which will be 
fueled principally with natural gas. By 1972, the 
company plans to have retired all of its coal-fired 
generating units in Chicago which are not equipped 
with high efficiency precipitators. No new coal-fired 
units have been built in or near Chicago since 1962. 

As a result of its program, Commonwealth will, 
between 1965 and 1972, reduce the amount of coal 
consumed in its Chicago generating stations by 
40 spercent. 

Argonne National Laboratory, under contract 
with the City of Chicago, is developing mathemati- 
cal techniques for implementing Chicago’s Air 
Pollution Incident Control Plan. Commonwealth is 
cooperating in this study by participating in field 
tests and supplying technical information. 

The Union Electric Company is continuing to 
use electrostatic precipitators in its new plants. In 


the recently completed Sioux plant, both units have 
600 ft. stacks with 98% efficiency precipitators 
with cyclone boilers. This is roughly equivalent to 
using precipitators with an efficiency of 99.5% with 
pulverized coal boilers. At the Labadie plant now 
under construction, Units 1 and 2 will utilize 700 ft. 
stacks with precipitators having an efficiency of 
99.5%. For improved dispersion, Units 3 and 4 will 
have a common stack 700 ft. in height including 
the high efficiency precipitators. 

Union Electric is presently evaluating the effec- 
tiveness of an SO, removal system on its Meramec 
No. 2 unit. This system, which is the first of its size 
in commercial operation in the United States and 
was put in service in late 1968, is said to remove 
83% of the SO, from flue gases which would be 
equivalent to burning fuel with a 0.5% sulfur con- 
tent. The system operates by air-injecting pulver- 
ized dolomite into the furnace where it reacts with 
part of the sulfur oxide. Once the dolomite reacts 
with the sulfur oxide, flue gases are passed through 
a scrubber where further reaction takes place with 
the sulfur oxide. The sulfur compounds that result 
from this reaction precipitate out as solids and are 
removed in the scrubber along with the fly ash. The 
solid residue is transferred to a settling tank where 
it is partially separated from the water and is finally 
conveyed to a disposal area. Utility officials feel 
that the system will not hinder the efficiency of the 
boiler, but operating costs will be higher because 
of the dolomite’s cost and the need for higher 
powered gas fans that will be necessary to overcome 
pressure drops caused by the scrubber. 

No governmental air pollution regulations other 
than city smoke ordinances currently exist in the 
service area of Northern States Power Company. 
The company, however, has taken voluntary action 
to provide control of the particulate emissions from 
generating plants. Electrostatic precipitators have 
been provided for every coal burning generating 
unit installed in the Twin City Metropolitan Area 
since 1942. In addition, 21 older coal burning boil- 
ers have been converted to gas and oil fuels. At its 
newest coal burning plant, 99% precipitators and a 
785 ft. stack were installed to disperse gaseous 
wastes. To determine the effectiveness of these con- 
trol measures at this plant, a network of nine moni- 
toring stations was established in the area 
surrounding the plant. Continuous analyses of sul- 
fur dioxide and soiling index are made, together 
with dust fall and cumulative sulfur dioxide de- 


termination. Wind direction and velocity are also 
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recorded at each station. To date, no significant 
deviations from predicted levels have been ob- 
served. To accomplish the above program NSP 
has invested about $8,000,000. 

Advantage has been taken of the availability of 
dump natural gas to reduce the quantity of coal 


~ consumed. Also, because of the system maximum 


demand now occurring during the summer season 
the installation of gas turbines with gas-oil combina- 
tion firing has proven to be attractive. To date 240 
mw of gas turbines have been installed or com- 
mitted for installation. In 1967, natural gas supplied 
about 40% of the total fuel requirements on the 
NSP system. This operation on gas and on light fuel 
oil affords a substantial reduction in sulfur dioxide 
as well as in particulate emission. 

The State of Minnesota is presently holding 
hearings regarding proposed air regulations. Of 
great concern is the provision which severely limits 
SO, emissions in the Twin City Metropolitan Area. 
To comply with this will require either stack gas 
sulfur removal equipment or low sulfur fuels. Tech- 
nological development of sulfur removal equip- 
ment is yet in its infancy and it is not practical to 
expect immediate large scale application to existing 
units. Low sulfur fuel does not appear to be an 
immediate solution because quantities of such fuel 
that can be burned in existing equipment are 
limited. 

On the Minnesota Power and Light Company 
system, arrangements have been made to supply 
virtually all their present coal requirements and, 
more specifically, that for a 1973 350 mw generator 
unit with sub-bituminous coal from Montana. This 
coal has a heat content of 8750 Btu’s/Ib, and a sul- 
fur content of less than one per cent. It will be trans- 
ported via the longest unit train trip in existence 
consisting of a 1700 mile round trip between Col- 
strip, Montana and Cohasset, Minnesota. There 
will be four 100-car trains each week with each car 
carrying 120 tons. 


Transmission Facilities 


In late 1963 and early 1964, Mid-Continent 
Area Power Planners (MAPP) developed a com- 
prehensive high voltage transmission program for 
its ten state upper midwest area. This program 
linked with 345 kv lines, the population centers 
of several major markets: Chicago, Milwaukee, 
Twin Cities, Sioux City, Omaha, Kansas City, 
Des Moines, Quad Cities and St. Louis. The 
lignite western North 


mine-mouth plants in 


Dakota were to be linked with 230 kv lines with 
eastern North Dakota and the Iron Range area of 
northern Minnesota. Construction of these trans- 
mission facilities will be essentially completed by 
1972 at a cost of more than $250,000,000. 

The Twin Cities-Milwaukee-Chicago 470 mile 
345 kv line was completed and placed in service in 
May 1966. The circuit provides interconnection 
capacity for coordination among the Upper 
Mississippi Valley Power Pool, the Eastern Wis- 
consin Utility group, and Commonwealth Edison 
Company. 

The 510 mile Twin Cities-Iowa-St. Louis 345 kv 
line was completed and placed in service in July 
1967. It was constructed by seven members of the 
MAPP group, namely, Union Electric Company, 
Iowa Southern Utilities Company, Iowa-Illinois 
Gas & Electric Company, Iowa Electric Light & 
Power Company, Iowa Public Service Company, 
Interstate Power Company, and Northern States 
Power Company. This 345 kv interconnection will 
facilitate coordination among the Upper Missis- 
sippi Valley, Iowa and _ Illinois-Missouri Power 
Pools. 

The Montgomery-Kansas City 345 kv line was 
constructed and placed in service in May 1968. 
This line was built by Union Electric Company 
and two companies in the South Central Region: 
Missouri Public Service Company and Kansas City 
Power and Light Company. The line, which is 280 
miles long, is used to coordinate power exchanges 
between the Illinois-Missouri and the Mo-Kan 
Pools. 

In 1969, the 220 mile Kansas City-Omaha 345 
kv line will be constructed by Omaha Public Power 
District, St. Joseph Light & Power Company and the 
Kansas City Power & Light Company. Also in 1969, 
Iowa Power & Light Company will construct the 109 
mile Des Moines-Hills, Iowa 345 kv line. 

In 1970, the Omaha-Sioux City-Minneapolis 
345 kv line will be constructed by Omaha Public 
Power District, Iowa Public Service Company, 
Interstate Power Company and Northern States 
Power Company. 

Also in 1970, the Des Moines 345 kv line will be 
extended by Iowa Power & Light Company to 
Brownville, Nebraska, a distance of 150 miles. ‘The 
Consumers Public Power District will construct a 
345 kv line from Brownville to Hallam (near 
Lincoln) to Grand Island, a distance of 150 miles. 


This circuit will interconnect with the Fort 
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Thompson-Grand Island 345 kv line being built 
by the Bureau of Reclamation for service in 1970. 

Other 1970 construction includes the Hills-Quad 
Cities 345 kv line which will be installed by Iowa- 
Illinois Gas & Electric Company to interconnect 
with the Quad Cities-Chicago 345 kv line to be built 
by Commonwealth Edison Company. 

The program of 230 kv lines linking the lignite 
fields in North Dakota with western Minnesota 
and the Duluth-Twin Cities area will also be com- 
pleted in 1970. 

The Missouri Basin Systems Group started en- 
gineering studies in 1964 which included considera- 
tion of the regional 345 kv transmission program ex- 
tending from Stanton, North Dakota south to Grand 
Island, Nebraska and east to Brownville, Nebraska 
where it would interconnect with other planned 345 
kv transmission to the north, east and south. The 
1964 study also considered a 345 kv transmission line 
between Stanton, North Dakota and Watertown, 
South Dakota. The plan included consideration of 
a 1.5 million kilowatts of additional nuclear, lignite 
and fossil-fueled capacity, and hydro peaking capac- 
ity. Several of the major elements of this plan are 
now being constructed by various agencies with the 
remaining elements under consideration for comple- 
tion by 1975 or earlier. 

In North and South Dakota and _ eastern 
Montana, the extensive 230 kv system of the U.S. 
Bureau of Reclamation has been augmented by the 
construction of additional 230 kv lines from the 
Corps of Engineers’ hydroelectric station at Oahe 
Dam to New Underwood in South Dakota and 
thence to Stegall, Nebraska; in Montana from the 
Yellowtail hydroelectric project to Dawson County ; 
and in South Dakota, from the Corps’ hydro station 
at Big Bend Dam to Sioux Falls. In early 1970, the 
Bureau will have in operation a 345 kv line from 
Fort Thompson, near Oahe and Big Bend power 
plants in South Dakota, to Grand Island, Nebraska. 
The Bureau’s system comprises the major part of the 
Joint Transmission System of the Missouri Basin 
Systems Group. The Joint System provides a means 
for coordinating system planning and operation of 
the Group and has provided the transmission outlet 
required to market the production from the Basin 
Electric Power Cooperative lignite-burning plant at 
Stanton, North Dakota. The system will be utilized 
also for seasonal exchanges of power between Ne- 
braska and the MBSG systems in North and South 
Dakota, Montana, Iowa, Wyoming, Colorado and 
Minnesota. 


Manitoba Hydro has started the first phase of 
major development of the Nelson River with 4—100 
megawatt units now under construction at the Ket- 
tle Rapids generating site to be placed in service in 
1971. Power from the Kettle Station will be de- 
livered to Winnipeg over two + 450 kv direct cur- 
rent transmission lines each about 600 miles long. 
The Nelson River, which flows from Lake Win-- 
nipeg to Hudson Bay, has the potential for develop- 
ment of five to six million killowatts of hydroelectric 
capacity. In 1970, a 145 mile 230 kv interconnection 
between Winnipeg, Manitoba and Grand Forks, 
North Dakota will be constructed by Manitoba 
Hydro, Northern States Power Company, Otter Tail 
Power Company, and Minnkota Power Coopera- 
tive, Inc. It appears that in the 1975-80 period a 
substantial tie, possible D.C., between Winnipeg, 
the Iron Range and the Twin Cities may be feasible 
to utilize about 800 megawatts of capacity from the 
Nelson River. 

The easern part of the region is developing heavy 
concentrations of EHV facilities around St. Louis, 
Chicago, Milwaukee and the Minneapolis-St. Paul 
areas. In the Twin Cities area, for instance, a double 
circuit 345 kv loop is being built around the metro- 
politan area with completion scheduled for the latter 
part of 1969. A modular concept is being used in 
which the connected substation capacities are stand- 
ardized to utilize the maximum capacity of the 345 
kv lines, and to permit interchangeability of equip- 
ment. Within the loop, the existing 115 kv transmis- 
sion network is being strengthened by utilizing exist- 
ing overhead rights-of-way. Single circuit lines hav- 
ing capacity of 150 mva are being replaced with 
double circuit, bundled-conductor lines each having 
a capacity of 400 mva. By making maximum use of 
rights-of-way and by employing steel poles where 
aesthetics indicate, the impact of necessary overhead 
construction is being minimized until such time that 
underground facilities are technically and economic- 
ally feasible. 

The local EHV concentrations are being rein- 
forced by EHV ties between the areas. A direct 
tie between the Chicago and St. Louis areas was 
completed this year by the installation of a 345 kv 
line between Kincaid Station (CECo) and Pana 
Substation (CIPSCo). Completion of the second 
unit at Quad-Cities Station (CECo and IIG&ECo) 
on the Mississippi River in 1971 will provide two 
345 kv circuits eastward to the Chicago area and 
two 345 kv circuits to the west to supply the Quad- 
Cities area and tie into the 345 kv circuit extending 
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from St. Louis to Minneapolis. Also in 1971, CECo 
will install a 765 kv connection to the 765 kv system 
of the AEPCorp in Indiana. Later additions will 
extend this line around the northwest part of the 
Chicago Metropolitan area and west to Quad-Cities 
Station by 1980. 

A pattern of transmission expansion for the 
region for the period through 1990 has been de- 
veloped by the several pools and utilities compris- 
ing the region. Maps detailing this pattern are 
enclosed with this report. The expansion plan is com- 
plementary to the generation development and is 
designed to furnish outlet capacity for the genera- 
tion facilities projected and a power supply to the 
loads projected, with the intent to provide a high 
degree of reliability consistent with the present sys- 
tem. This includes the ability to avoid uncontrolled 
system breakup and collapse even for remote con- 
tingencies. Calculation of specific severe disturb- 
ances was considered beyond the scope of the 
planning effort, however, a number of load flow 
calculations were made which served as a basis for 
judgment for the more severe conditions. These load 
flows for 1980, as an example, included total coin- 
cident delivery to Illinois and Wisconsin from out- 
side sources of about 15% of the 1980 load in the 
receiving area. All inter-area tie capability was 
checked with at least one critical line out in the 
EHV transmission system. 

At a minimum, it is intended to permit firm 
power purchases to be made, up to 50 percent of 
a system’s largest unit, while providing for an opera- 
tion which can withstand the loss of the largest 
unit while the highest capacity interconnection is 
out of service. 

In general, the transmission system in the east is 
oriented to 345/765 kv voltage levels and that in 
the west is oriented to 230/500 kv. In both areas, 
the higher voltage chosen is related to the higher 
EHV voltage already committed in adjacent re- 
gions and reflects the classic two to one ratio of 
a superimposed transmission system. The specific 
developments shown also have been coordinated 
with those of the adjacent regions. 

Figures 2 through 7 are intended to illustrate the 
level of intraregional and inter-regional transfer ca- 
pacity for the 1970-1990 periods. ‘The values shown 
in figures 2 and 5 for 1970 are based on MAIN 
and MAPP studies with each value estimated with 
other transfers at zero. To the extent that circulat- 
ing current or power transfers between areas exist, 
the transfer capacities will be reduced. Capacities 


for subsequent periods are derived from adding to 
the 1970 levels aggregate values for subsequent 
additions according to this schedule which is in- 
tended to reflect the usually shorter length of lower 
voltage lines: 


OVALS Sr tiv ees PRT as 100 mw 
NIGH Sar Ky seers = were oe FST oS 150 mw 
2S Qi Kye eee, eee AE ye oe 200 mw 
Oey Eee eee ee ee ee . (300 mw 
SOW! Ieee ee eee OOO iy 
LOO KV earn Slee ata ae 1,500 mw 


It should be recognized that the resultant in- 
formation is indicative only. No contingencies are 
provided for, no circulating current is recognized, 
an. optimistic sharing of power flow is assumed, and 
a concurrency of application would be quite restric- 
tive. Relatively precise transfer capacity values can 
be developed, but only for very specific conditions. 
To present such information in a simplified form 
would not be possible. 

The extent of existing and projected EHV trans- 
mission facilities connecting the concentrated load 
areas is indicated in the following tabulation: 


West Central Region—EHV Transmission, Total 
Circuit Mileages 


Voltage kv Miles 
1970 

Ont: IeeALaAEa ls AGlove thet Kops s 5, 800 

2A els brpdd Wien beteiiden bait Pe say as 4 Sanne: Great ach 2,970 
1980 

AOks Caan Eat halo ke Couette 4 6, 620 

Te a ee ee ey eae 6, 340 

CEL ty he here A ie Gna ae 1, 250 

oe al he ME geal A hea oe Ra ae 570 
1990 

S20 ee, OU IE haiti, 0, Aah 6, 850 

Be ee tea ied: Ie Nr Ay Ob ps St oe br cash 10, 600 

EO RG Ae Soe eae oe go 2 440 

SRC. 1 cht go STR A a SO ae 2 170 

General 


The eastern and western portions of the West 
Central Region differ considerably one from an- 
other with respect to magnitude and distribution of 
load and distance between load centers. About 88 
percent of the total peak load of the region in 1990 
is in the area comprised of Illinois, Wisconsin, 
Minnesota, Iowa and northern Missouri and _ the 
remainder is the area which includes North and 
South Dakota, Nebraska and eastern Montana. The 
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opportunities for taking advantage of economy of 
size of generating units and extra high voltage 
transmission are related to the estimated amount 
of growth of the load and the magnitude of load of 
the separate areas making up the region. 

The generating capacity reserves of 15.6% and 
16.6% for 1980 and 1990 appear reasonable and 
compare favorably with determinations of prob- 
ability studies which have been conducted by 
MAPP and by a number of utilities. These studies 
indicate regional reserves of 11% to be adequate 
to cover presently foreseen probabilities of forced 
outage. 

Some opportunity utimately should exist between 
the West Central Region and adjacent regions for 
transfers of seasonal diversity power in addition 
to those now scheduled as evidenced by the fore- 
casted loads for 1990 showing a regional winter 
peak about 18,500 megawatts less than the summer 
peak. At present, however, and seemingly for the 
near future, the surplus situation in the eastern 
part of the region during the winter is just ade- 
quate to permit maintenance to be accomplished. 
Because of the longer peak period involved, the 
orientation of the region to summer peaks decreases 
the time available for maintenance of generating 
equipment. This situation together with the reduced 
flexibility resulting from the proportionately larger 
generator units being projected will require in the 
eastern part of the region that the winter peak 
period be used significantly for generator mainte- 


nance. Further, the installation of peaking capacity 
which is designed for relatively short use and 
mainly on gas will operate against prolonged use 
during the winter period to enable sales of surplus 
power. However, to the extent that diversity effec- 
tively exists and is not required for maintenance 
and operating reserves it appears that the strength- 
ened interconnections projected for the region will 
be capable of accomplishing any ensuing seasonal 
exchanges of power, including supplemental ex- 
changes with the system of the Manitoba Hydro- 
Electric Board in Canada. 

Emphasis is made here that the pattern of gen- 
erating capacity and transmission facilities shown 
for the combined study areas indicates a possible 
trend rather than a blue print of future construc- 
tion. Both the magnitude and characteristics of 
future load requirements will be subjected to stren- 
uous marketing efforts aimed at providing electric 
energy for the region in a manner which will maxi- 
mize the over-all benefits which are to be gained 
from this unique commodity. Similarly, the basic 
resources for supplying the required energy and the 
basic means for developing the energy will be sub- 
jected to prodigious efforts aimed at maximizing 
the utilization of national resources. In both areas, 
influences outside the industry will be substantial. 
Probably the one conclusion which can be stated 
with assurance is that actual expansion in the region 
no doubt will deviate in many ways from the plans 
presented here. 
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CHAPTER IV 
COORDINATED PLANNING AND DEVELOPMENT 


Structure of the Industry 


Fifty-one interconnected systems currently gen- 
erate approximately 95% of the energy consumed 
through electric utility service in the West Central 
Region. Table I below provides 1967 data as to 
number and size of these major utilities in the vari- 
ous ownership segments of the industry. This group 
generally can be described as consisting of those 
systems providing virtually all of the high voltage 
system facilities in this region. 

1967 load and capacity data for the individual 
major utilities in each ownership segment are shown 
in Appendix A. 

In addition to these major utilities there are 
about 1,000 other utility entities involved in gen- 
eration and/or distribution of electric energy. ‘These 
are identified as to type of ownership, size and gen- 
eral location in Appendix B. 


Trends in the Development of Coordination 
Mechanisms 


At present, nine coordinating organizations func- 
tion within the region as follows: 


Wisconsin Public Service Corporation-Wiscon- 
sin Power and Light Company-Madison Gas 
and Electric Company Pool 

Wisconsin-Upper Michigan Systems 

Illinois-Missouri Pool 

Iowa Pool 

Mid-America Interpool Network 


Mid-Continent Area Power Planners 
Missouri Basin Systems Group 
Nebraska Public Power System 
Upper Mississippi Valley Power Pool 


Coordination areas of these organizations are 
shown in Figures 1-3. Appendix C presents first a 
brief summary and then detailed information on 
each body and its structure, purposes, and activities. 

It is emphasized that there are no particular dis- 
continuities in the pattern of interconnections at 
the boundaries of these organizations. Numerous 
other interconnection agreements and inter-relations 
exist that provide mechanisms for liaison and con- 
tinuity in coordination across the region as demon- 
strated by the examples enumerated below: 


1. MAIN and MAPP have overlapping mem- 
bership with eight utilities being members 
of both of these organizations. This liaison 
arrangement is deemed particularly desira- 
ble for close coordination in planning and 
operation along the recently completed 
Twin Cities-Milwaukee-Chicago-St. Louis- 
Twin Cities 345 kv loop. Operation of this 
loop and all other interconnecting trans- 
mission lines, and those otherwise mutually 
affected, is provided through established 
operating committees, through system simu- 
lation operating studies, and through con- 

respective 


tinuous liaison between the 


coordination offices. The studies consist of 


TABLE | 


a 


Non-Coinci- Gen cap Energy prod 
Type of ownership Utilities dental peak (MW) (1,000 
load (MW) MWH) 
MameSLOUSOMGC Cnr ike sees A ee hci Sus Bade a beer sei hdd auanecss 8c AMS: 22, 954 26, 032 118, 566 
RuirdielcciriesG Salk COOperatives 5. eile kik. «dite. J. 19 1,657 1, 382 5, 646 
GSRNRE ca. 5 Sha Bagley 2 okeohd, In co) AL Rae es Gcceeies ira ie es re ot 6 1, 461 15120 4, 226 
TR GaeSOEN occ w os set sob a Gu CLD eC ROREIVON OOF OUE? Eu DRENONG) CECT CLO eo OEE tee eam ] 746 2, 048 9, 692 
ley teal ere ere eer hae. EE RIA Toh or ayiiiectvn & 0, 51 26, 818 30, 582 138, 130 
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current year operating studies, transfer ca- 
pacity studies, and extreme disturbance 
studies. The areas of coordinated planning 
are handled through the planning arms of 
each of the organizations. Much of the 
planning is based upon the aggregate load 
and capability forecasted and includes not 
only consideration of new facilities but also 
the future use of the interconnecting trans- 
mission facilities and power transactions to 
effect optimal use of generating equipment. 
. MAPP and MBSG liaison on projects of 
mutual interest is handled through the In- 
tersystem Coordinating Committee. This 
committee was established by the respective 
organizations in 1965. Prior to the estab- 
lishment of the MAPP Coordination Office 
and the associated Coordinating Commit- 
tee, the Intersystem Committee organized 
an interim task force to review relay operat- 
ing practices to assure that relaying of mu- 
tual interest would provide a reliable 
operation. Progress has been slow in the area 
of joint planning of transmission and gen- 
eration and the committee itself has recently 
proposed that its parent organizations re- 
consider its membership and better define its 
responsibilities in the interest of improving 
progress. 

. All members of the Iowa Pool and UMVPP 
belong to the MAPP organization and have 
thereby broadened their capabilities in the 
traditional pooling activities of coordinated 
planning of generation and transmission, in- 
cluding power transactions, and coordinated 
operation of generation and transmission in- 
cluding short and long term maintenance 
scheduling, economy energy interchange, 
voltage profiles, automatic under-frequency 
load shedding, and dispatching procedures. 
This broadening comes about through the 
overview afforded in considerations of the 
Planning Committee which is geographic in 
its representation and through participation 
in the Coordinating Committee associated 
with the Coordination Office. 

. All members of the Wisconsin Power Group 
and Illinois-Missouri Pool belong to the 
MAIN organization. 

- MAPP-MAIN-UMVPP-Iowa Pool Liaison, 
together with USBR participation in the 
MAPP Coordination Center, has resulted in 
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development of an extensive teletype com- 
munication system permitting broad area 
coordination on day to day operating 
matters. 

The area is presently served by three tele- 
type systems, all of which employ rented 
telephone company facilities. Cost sharing 
varies in each of the three systems ranging 
from equal shares to formulas using both 
number and size of systems involved. Tele- 
type stations are located in the dispatching 
offices of the participating systems and the 
coordination centers. Use is limited to ex- 
change of operating information and 
weather information. 

The present systems are: 


MAIN 15 terminals—5 in Wisconsin, 4 
in Ilinois—2 in Minnesota (MAPP & 
NSP), 2 in Missouri (UE & AEC), 1 in 
Little Rock, Arkansas (SCEC) 1 in 
Canton, Ohio (AEP ECAR) 

UMVPP 10 terminals—1 in North Da- 
kota, 1 in South Dakota, 6 in Min- 
nesota, | in Wisconsin, 1 in Iowa 

USBR 1 in South Dakota 

IOWA POOL 10 terminals—2 in Min- 
nesota (MAPP & NSP), 7 in Iowa, 1 
in St Louis, Missouri (UE) 


The UMVPP and Iowa Pool systems will 
be replaced in April 1969 by one MAPP sys- 
tem containing 25 terminals. This will in- 
clude the present terminals plus new 
terminals for other MAPP members and 
adjacent utilities. The system will be com- 
prised of 2 terminals in North Dakota, 6 
terminals in Minnesota, 2 in Wisconsin, 2 in 
South Dakota (including USBR), 8 in 
Iowa, 2 in Nebraska (OPPD and CPPD), 
and 3 in Missouri (UE, St Joseph L&P and 
KCP&L).The MAPP system will utilize 100 
wpm teletypes under the control of an auto- 
matic polling device located in the MAPP 
Center. All transmission will be by punched 
tape except during emergencies when an 
emergency override will permit manual 
transmission. Cost sharing will be according 
to. a formula intended to recognize size of 
systems, mileage between adjacent terminals, 
and benefits accruing equally regardless of 
size. 


. As planning of specific facilities reaches a 


point in progress where the coordinating 


organization is agreed on the basic function 
and design, the participating utilities are 
represented on a number of task forces hav- 
ing responsibility for design, contractual ar- 
and use. The task force 
membership straddles organizational lines 


rangements, 


and provides further opportunities for co- 
ordination of associated facilities. 


Projections of Future Coordinating 
Requirements 


The following discussion of possible future or- 
ganizational arrangements among electric utilities 
is in reference to the fifty-one systems identified in 
Section I as providing 95% of the electric service 
in the region. It is, of course, recognized that cor- 
porate consolidations will very likely reduce the 
number of separate entities in the future. However, 
there is no basis for predicting the specific patterns 
or timing such consolidations may follow other than 
a general reference to those already announced to 
be under study. 

By 1970, MAPP intends to increase the coordina- 
tion among the various parts of the MAPP organi- 
zation, including the Iowa Pool, the UMVPP, and 
its Nebraska members by developing a super-pool 
agreement. This consolidation will result in these 
five sub-regional systems remaining as workable 
coordinating entities within the West Central 
Region: 


Commonwealth Edison Company 

Eastern Wisconsin Utilities (including the 
Upper Peninsula) 

Illinois-Missouri Pool (including Central 
Illinois Light Company) 

Mid-Continent Area Power Planners 

Missouri Basin Systems Group 


Each of these systems will exercise primary re- 
sponsibility for planning and operation within their 
area, particularly with respect to econornic matters. 

With regard to reliability-oriented coordination, 
MAIN would continue with its present inter-pool 
operation in the eastern part of the region. Reli- 
ability-oriented coordination for the western por- 
tion of the region is expected to be provided by 
the recently executed Mid-Continent Area Reli- 
ability Coordination Agreement either expanded to 
include MBSG members or through liaison arrange- 
ments with a separate MBSG reliability group. 

Future patterns of generation and transmission 
developments prepared by the WCRAC conteim- 


plate 765 kv and 500 kv transmission lines across 
the region in the 1980’s. These lines will provide 
capacity for meaningful power exchanges on a 
region-wide basis and also increase the inter- 
dependency among systems, particularly with re- 
spect to reliability. It is therefore proposed that a 
single West Central Reliability organization be 
established by 1980. In view of the large number 
of systems involved, manageability considerations 
dictate an interpool-type organization such as 
MAIN with the five above-identified area systems 
as members. 

The foregoing material relating to future coordi- 
nation patterns has been presented at meetings of 
the MAIN, MAPP and MBSG organizations in an 
effort to solicit views of utilities not represented on 


the WCRAC. 


Problems and Solutions 


Operation of an electric power system is a com- 
plex matter involving the consideration of innumer- 
able electrical elements and many people. Taken 
as a whole, the configuration changes from season 
to season, from day to day, and from hour to hour. 
To operate all of the interconnected electrical sys- 
tems within a region in a truly coordinated manner 
becomes a tremendously complex matter requiring 
knowledgeable people, the necessary equipment and 
communications for the required overview, and of 
equal importance a strong desire on the part of all 
of those so engaged. That this coordination can be 
accomplished, and must be accomplished, is fully 
appreciated and has been taken on as a challenge 
of considerable substance by the utilities in this 
region. 

It is recognized that the true strength of the oper- 
ation is in the local knowledge of each area’s needs 
and the resources available to supply these needs. 
The requirement then is for a coordinating effort 
which will supply the involvement necessary to do 
the job but which will not unnecessarily interfere in 
operations that can be adequately handled locally. 
Furthermore, it cannot be expected that a co- 
ordinating effort can be arbitrarily overlaid on the 
existing operation. Instead a coordination evolu- 
tion is required which will gradually develop the 
capability of the coordinating organization and, in 
turn, the confidence of the participating systems 
with a resultant growing willingness to accept the 
decisions and judgment of the coordinating per- 


sonnel and to encourage their efforts. 
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Within the West Central Region there are vari- 
ations in the nature of systems and load densities 
across the region producing differences in coordi- 
nation problems and requirements. For example, 
a relatively few systems along the eastern edge of 
the region (Eastern Wisconsin Utilities, Common- 
wealth Edison, and the Ill-Mo Pool) generate 
almost 60% of the region’s requirements while serv- 
ing 15% of its area. As a result, pooling and inter- 
connection arrangements appropriate for this area 
are markedly different than those applicable to 
the large number of systems serving the remainder 
of the region. Many types of utilities are represented 
with varying characteristics including that of size 
and of financing within the major groupings. Be- 
cause of the hour-to-hour vital need to have a reli- 
able operation, the coordinated operation of these 
systems has proven to be an endeavor not signifi- 
cantly affected by this dissimilarity. In the area of 
planning, substantial strides have been made in 
coordinating planning of both generation and 
transmission. As previously noted, only MAPP and 
MBSG have yet to fully coordinate their efforts. 
This situation is recognized by both organizations 
and is under active consideration. 


Interregional Coordination 


There are two formal arrangements for inter- 
regional coordination identified as such. These are 
the liaison arrangement between MAIN and 
ECAR, and MAIN and MAPP membership in the 
National Electric Reliability Council. Beyond these 
there are numerous bilateral interconnection agree- 
ments and other established channels for coordi- 
nated planning and operation with electric systems 
in adjacent regions. 

The USBR has membership in both the Western 
Systems Coordination Council (WSCC) and the 
MAPP Coordination Committee and MAPP op- 
erating representatives attend WSCC. operating 
meetings. These arrangements, along with these 
inherent within the USBR, provide liaison with the 
west lying region. 

Some multi-system coordination activities in- 
volving other regions are: The MIIO Agreement 
among Gommonwealth Edison and five major util- 
ities in Indiana and Michigan, which, among other 
returns, resulted in system performance studies in 
depth which included Commonwealth Edison Com- 


pany as a participant and enveloped the eastern 
portion of this region; The Twin Cities-Kansas City 
345 kv Coordinating Agreement among four MAPP 
members and Kansas City Power and Light Com- 
pany and St. Joseph Light and Power Company in 
the South Central Region, which provides for the 
exchange of power and energy with the aim of opti- 
mizing the utilization of generation and bettering 
reliability; and the East-West Tie Closure Task 
Force, which was formed for the express purpose 
of studying the feasibility of and the procedures 
for closing the Bureau of Reclamation ties between 
the eastern and western portions of its Missouri 
River Basin system, and hence interconnecting the 
western region systems to the remainder of the U.S. 
interconnected systems. 

The Manitoba Hydro Electric Board, although 
not yet interconnected with United States systems, 
participates in planning activities through its mem- 
bership in the MAPP organization. As a result, 
negotiations for the 1970 construction of a Winni- 
peg-Grand Forks 230 kv interconnection have now 
been completed and construction and operating 
contracts signed. This interconnection will have a 
capacity of about 200 mw although it is being 
initially regarded as having a nominal 100 mw 
capacity for purpose of scheduling power and en- 
ergy. This interconnection will provide Manitoba 
Hydro with interconnected operation with the U.S. 
systems, will make unnecessary the construction of 
thermal capacity, will provide a market for future 
excess power and energy, and will provide a source 
of energy during dry years. For the U.S., a power 
supply will be provided which is diversified in the 
source of the power and has prompt availability. 
The seasonal load diversity will permit mutually 
advantageous seasonal power exchanges and _ the 
reliability on either side of the boundary will be 
improved from the improved diversity overall. No 
unusual problems have been encountered in its 
planning even though the facility is being installed 
by such diverse interests as two investor-owned 
utilities and one G & T cooperative on the U.S. 
side, and by a Canadian Crown Corporation on 
the Canada side. Feasibility studies for a second 230 
kv interconnection between Manitoba and the Gar- 
rison, North Dakota area are scheduled to be under- 
taken jointly by Manitoba Hydro and a number of 
MAPP and MBSG members. 
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WEST CENTRAL REGION 
COORDINATION AREAS 


MID-CONTINENT AREA POWER PLANNERS 
MID-AMERICA INTERCONNECTED NETWORK 


Boundaries indicate general areas and do not necessarily include all systems within an area. 


WEST CENTRAL REGION OPERATING AREAS 


UPPER MISSISSIPPI VALLEY POWER POOL 
WPS-WPL-MGE POOL 
IOWA POOL 
NEBRASKA PUBLIC POWER SYSTEM 
ILL-MO POOL 


IVE 
am 3 he Mi Va 
. Oy Vy ire 
/ a 4 Won 
7 Ga SNe 


\ 
eae) | 
tes 


SOUTH {x6 
w tant ‘s 
YOMING 
eS 


LEGEND 


WEST CENTRAL MEGION BOUNDARY 
SCALE IN MILES 


Boundaries indicate general areas and do not necessarily include all systems within an area 


FIGURE 3 


WEST CENTRAL REGION 
COORDINATION AREA 


MISSOURI BASIN SYSTEMS GROUP 


= 
e | 


\ 
ve 


SOUTH DAKOTA 
MING 4 
j me NEBRASK 


LEGEND 


FPG NATIONAL POWER SURVEY 
WEST CENTRAL REGION BOUNDARY 


SCALE IN MILES 


Boundaries indicate general areas and do not necessarily include all systems within an area 


FIGURE 2 


I{I—2-63 


4] 

| 

| , an 7 
} ry 1 ut ori Tt a. 
| 

r) 

i Toes } 

| 

| i 

| Ds 

hy z 

t r 

ie I oe a 

id A, ol 

ii f 7 
4 we ke 
Ho a 

i 

hs 

a, iM 


@ 
i 
i ' 
i . 
| 
ft . hes 
" ° » 
i;| > a . haw 
| P y 1<¢@ Gn ee?) Ghia W's = 
ihn, 09 + Pia Ag 


= ¥r ial 


Ag A — ——_ “4 
td ob Of 


APPENDIX A 
DATA ON MAJOR UTILITIES 


1967 Jan. 1, 1967 Jan. 1, 
-calendar 1968 calendar 1968 
Utility Name year capa- Utility Name year capa- 
peak bility peak bility 
load (MW) load (MW) 
(MW) (MW) 
INVESTOR-OWNED UTILITIES RURAL ELECTRIC G&T COOPERATIVES—Con. 
Black Hills Power & Light Company. . 94 110 | Basin Electric Power Cooperative 2—Con. 
Central Illinois Light Company....... 474 545 Northwest Iowa Power Coopera- 
Central Illinois Public Service........ 868 1, 178 tiVE. 6 eee eee 82 0 
Commonwealth Edison Company... .. 7, 643 8, 547 Rushmore Electric Power Co- 
Consolidated Water Power Company. . 96 36 Operative... . 2... e eee eee eee 4] 0 
Edison Sault Electric Company....... 48 58 Upper Missouri G &T Electric 
Illinois Power Company......:....... 1, 338 1, 444 Coop (WCR portion of 45 mw 
Interstate Power Company........... 329 564 COCA ecto ere es he sep epee 33 0 
Iowa Electric Light & Power Com- Central Electric Power Cooperative.... 74 65 
hv ge oa os 472 436 Central Iowa Power Cooperative...... 126 124 
Iowa-Illinois Gas & Electric Com- Cooperative Power Association........ 196 11 
SUTIN). nc ae 452 415 Corn Belt Power Cooperative......... 100 116 
Iowa Power & Light Company....... 497 633 | Dairyland Power Cooperative......... 283 305 
Iowa Public Service Company........ 312 421 | Eastern Iowa Light and Power Coop... 34 65 
Iowa Southern Utilities Company..... 175 92 Minnkota Power Cooperative, Inc..... 123 45 
Lake Superior District Power Com- Northeast Missouri Electric Power 
nal. (OO 91 108 COOP... viene eee ee ence eee 65 22 
Madison Gas and Electric Company... 188 91] Southern Illinois Power Cooperative. .. 50 99 
Minnesota Power & Light Company United Power Association (Includes 
(includes Superior Water, Light & RGR Avance NINURA) Meseiavse cee sean 157 233 
Sacre tka aes 482 511 | Western Illinois Power Goop, Inc...... 20 34 
Montana-Dakota Utilities Company. . . HON 207 ~ 
Northern States Power Company Gsolsubtotalless scpane Gace 1, 657 1,382 
(includes Northern States Power 
eeMISCONSI) 2 eee ee ee BGs 22, We STATE SYSTEMS 
Northwestern Public Service Com- 
cae cs easel ‘ ; : . je He Consumers Public Power District...... 400 120 
Wnronsblectric, Company... 2... 1+ dey Bh VAN 3, 053 Nebraska Public Power System, 
Upper Peninsula Power Company ee 95 125 INGHULGES secre Stet oes ences eer 407 145 
Wisconsin Electric Power Company The Central Nebraska Public 
(includes Wisconsin-Michigan Power Power and Irrigation District) yiepoeee a 162 
anise ee. SIE, LA Lyo24 DAZ 2 Platte Valley Public Power and 
Wisconsin Power & Light Company... 620 658 Irrigation Dict Dee Sieh caer en Ae 
Wisconsin Public Service Corporation. . 539 653 Loup Aes Fublie owes DUIS C Vase a ane we 
Plectieenerey, INC)... we. ae ey 239 1, 020 Omaha Public Power District...-..... . = 
Investor-owned subtotal........ 22,954 26, 032 Dia teieulouotal doves stetti, Dea hes bit hapa yisl he 
RURAL ELECTRIC G&T COOPERATIVES FEDERAL SYSTEMS 
Basin Electric Power Cooperative ?............ 216 U.S. Bureau of Reclamation-Depart- 
Central Power Electric Coop, Inc. 68 38 maentrol the Interior. o.0.5 52 ead .e- he 746 2, 048 
Dakotas Electric Coop, Inc....... 52 9 
East River Electric Power Coop... 135 6) WCR grand total...........-. 26, 818 30, 582 
L &O Power Cooperative......... 18 0 


1 Owned jointly by Central Illinois Public Service Co., 
Kentucky Utilities Co., Illinois Power Co., and Union 
Electric Co. The 235 mw is AEC load in Kentucky. Sur- 
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plus capacity is shared by the four owning companies. 
2 Supplies power to members over and above USBR 


firm hydro allocations. 


APPENDIX B 
STRUCTURE OF THE ELECTRIC UTILITY INDUSTRY 


The 1965 FPC Form 12 reports show a total of 1,049 electric systems involved in supplying energy to 
ultimate consumers in the West Central Region. There are five distinct ownership segments: investor- 
owned, rural electric cooperatives, municipally-owned, state-owned, and federal agencies. Statistics as to 
size and number of utilities in the various ownership segments in the region are tabulated below: 


TABLE | 
Number of systems Generating Energy 
Type of ownership capacity Percent production Percent 
Total Owning Distributing (KW) of total (1,000 KWH) of total 
generation only 
WMarnicipaleaacc skis needs 669 323 346 2, 102, 874 6.9 4 DID, aoe 3.6 
[5a Oe WAL are Ser ah eee ce eG 261 24 237 BOL els peas) S01 eae 2a 
Investor-owned..6 5.50500" 85 Do 30 24, 200, 710 80. 1 106, 967. 267 83.8 
Eedegala ac. Cea ne eae ais pie 2 2 0 ly 869i 255 Ges 83,586, 157 6.7 
SUBIC fa). Rees 2 ape 32 7 25 1, 178, 509 Swe) 4,157,147 Su 
PGtal once eee 1, 049 Al) 638 30, 224,645 100. 0 127, 638, 302 100. 0 


Similar statistics applicable to each of the FPC Power Supply Areas are given in Table II. 

Table HI attached lists the generating capacity and number of electrically isolated systems in the region. 
Of the 71 such systems, 70 are municipal utilities and one is a rural electric cooperative. 

The above statistics are misleading from the point of view of the number of entities involved in coordin- 
ated planning and development in the West Central Region. As noted in the statistics themselves, 638 of the 
1,049 systems are only concerned with distribution and hence not involved in bulk power supply matters. 
Similarly, many of the remaining 411 systems that own generation depend upon imports from interconnec- 
tions for a large part of their power supply. The remaining comments of this memorandum have to do with 
statistics on systems owning generation. 

Of the 323 municipal systems owning generation, 253 operated interconnected with the major utility 
system serving their area. Only 29% of these interconnected municipals generated as much as one-half of 
their own consumer requirements in 1965. 

The number of rural electric cooperatives owning generation is out of date since some of the individual 
distribution cooperatives that own generation have since been consolidated with rural electric G&T systems. 

The 55 investor-owned utilities include industrial plants and small subsidiaries of larger companies. 
There are also a number of very small systems with hydro or diesel plants carried over from a by-gone era 
that are now essentially distribution agencies. It appears that there are 25 investor-owned systems with 
primary responsibility for bulk power supply in this segment. 

The two federal systems are the large USBR Missouri Basin Project and a very small federal installation 
at Sault Ste Marie, Michigan. 

The state-owned power systems are located principally in Nebraska. Three other such systems supply 
state universities, two in Iowa and one in Illinois. 
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TABLE li 
WEST CENTRAL REGION—1965 
Number of systems Generating Energy 
Type of ownership capacity production 
Total Owning Distributing (% of total) (% of total) 
generation only 

PSA 13: 
Rome. v/s LL Sy esc oasos ~ O 81 26 55 0. 683 0. 450 
Se ae a nn ae 15 3 2 0. 035 0. 005 
investOr-OWMNed. s Ryse ts os as eo 25 18 i 353/20 13. 683 
DSC a 1 1 0) 0. 061 0. 126 
“Top ael = oe Se Ss Ae 122 48 74 14. 149 14. 264 

PSA 14: 
RteANe heat As ae se ee 14 6 8 0-457 0. 323 
OSs) Bh Sag Sg ee eee eee ee 3 0 3 0. 000 0. 000 
TamestOr-Owneds = gilt 4am elo = we ieee 5 4 1 26. 081 Ps WSS: 
MNO LAINE arr is aya ue cece te ies erates 8% fae 22 10 12 26. 538 28. 056 

PSA 15: 
Rete ALR ery via Cn ee ee a 39 24 15 0. 645 0. 289 
SMAI Liven, (EA Ji ds nate laws So 13 5 15 0. 270 0. 506 
 Fonwesttoreto alee ins ue as Gea ec ros 10 3 i 8. 700 8. 294 
“TDGCELS ss Sanne <b ol arti Je erate me ne 67 30 37 ORONS 9. 089 

PSA 16: 
UE ENTS Ce OO a ee On a a eo 110 56 54 1.075 0. 497 
St I iris xe pyeiatalsboye disso oennys 59 4 55 1.176 1. 358 
Trestor-OWned ca. sen esse oes 17 8 9 8. 799 9. 400 
SIG EAM Netra cist wreue seston 186 68 118 11. 050 1, 2253) 

PSAcT 
IM DTA SOB! .o bc bomen dear > 6 DENS mwa or 188 So 89 1. 701 0. 918 
ee a AI ins on cS RIREER 70 4 66 0. 662 0. 458 
Maes FOE O WINE Gi ipe surcetchecuisteileioaciren ayy omertetos( vers 11 9 2 7. 038 6. 740 
LOM Ate eine cicrisireceni serene 2 x 0 0. 072 0. 074 
TOUR so 6's ote Gn Bae 8 toca ae Cen mere 271 114 157 9. 473 8. 190 

PSA 40: 
PMNS AN io asthe Ries os 6 caece sie aia s + oy 24 13 1. 000 0. 614 
RM Ae he oe ersten ciate en ea 26 2 24 0. 369 0. 209 
PAV EOP-OWNER te a oy lo okie a ots 7 4 3 US TMS 16. 161 
SO LALCHEET RIOT alec: the ei seul «shel briecd Bllenlerens athe 1 1 0) 0. 099 0. 074 
ee ere thin. a tiog & dees. ess 71 31 40 15. 243 17. 058 

PSA 26: 
OS SLE PS TOR eh lla er ea 44 24 20 0. 290 0. 027 
ROBYN) 5 5b: Ap Gls ee Cd oR RoRR a ea eee 28 5) 23 0. 297 0. 108 
inves torsOWwMedicn, ieeesceie eto cesta tai « 3 5 0 1. 009 0. 791 
Sel ee ce, helene « «ini pb ads ie 32 43 1. 596 0. 926 
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TABLE Il—Continued 


Number of systems Generating Energy 
Type of ownership capacity production 
Total Owning Distributing (% of total) (% of total) 
generation only 
PSA 27: 
Muni CIDal aay deaern ee eee eee 18 12 6 0. 072 0. 008 
FR Ae ea cae 42 3 39 0. 008 0. 000 
Tnvestor-owned oars seen ae & 4 1 1. 296 1. 002 
Bederalerec a sea aa. ee ote eae eee ] 1 0 6. 196 6. 601 
eROtal Sate cee eee enna en eet 66 20 46 7.512 7.611 
PSA 28: 
IMiamICI pal aap ee sce See ee ysis er 138 52 86 1. 034 0. 441 
RE Ae ene aes eae meee eee 0 0 0 0. 000 0. 000 
investor-owned pre ne ee 2 2 0 0. 002 0. 001 
SOLACE Reenter eae eras eae 29 4 25 3. 728 3. 109 
ML Otalleiee:.c a Aare ete we 169 58 111 4. 764 325ol 
Total 9 PSA’s: 
MicunniC ip al eee eet nee ae eee ie ess 669 323 346 6. 957 3 36// 
RE ene ota eae Tek a toe eee 261 24 237 DBI) 2. 644 
investor-owned eae ea eae 85 55 30 80. 070 83. 805 
Pederalas serene hee nea eee 2 2 0 6. 257 6. 727 
LAL Cems sree earns Ree ot tae 32 7 25 3) 899 SH257, 
Potala escun ae ee 1, 049 411 638 100. 000 100. 000 
TABLE Ill 
ISOLATED SYSTEMS 
Number of Capacity Generation 
systems (KW) (1,000 KWH) 
BS ATS aeteer cy ecfmo-cotonearee phones ee Seager AE necete sae RR ead ee 3 38, 695 71, 860 
PSA: TAN, Bara J Se et Sh ee, ee 5 87, 880 189, 289 
PSA TS sch citertebeatna tl ioth sol Piicen tend esate eg Se cod ated eee ees 5 18, 022 33, 984 
PSA 1 OS sus sipeg hears dykay & wunenecaeue endo be ment Rae er te beptee a eee an 5 19, 149 Sy, Sy 
PSA WHE Sk 5 ccs oo) cece seiner ao oe ee en ee NS 45, 191 94, 374 
PSA: 20% Ae saa hs sary vo AUBES Ths aha ace a: ore aes «cutee aR te ee eo a 
PSAS 27 ops Slows cos cone Mle dod wh ons oka Ge oxen oe ade ites Onley nee ae ee er 
PSA ‘26 32 2 ed eR ALS AEE Pe A ae, Nae ore 23 76, 348 129, 087 
PSAGAO ovictcthssit biotin Sesrtabtstd AAA Deed cl ee GARDE Sone ea ne 15 86, 067 177, 993 
Bo tabs 2 sieptyier intent ometummis mt cater edi Naualat ie aan pane eee, 71 Bil, Sew 728, 749 
Total utility industry (including isolated systems).............. 1, 049 30, 224, 645 127, 638, 302 
Isolated systems-ds percenpiob total 3.2.0 Ww ans eee Oy U7 lS 0. 57 
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APPENDIX C 
COORDINATING ORGANIZATIONS 


The power suppliers in the West Central Region to some degree have been coordinating the plan- 
ning, construction, utilization and operation of generation and transmission facilities since the early 1940's. 
This coordination has been between suppliers both within and outside the West Central Region. In the 
earlier days coordination was on an informal basis. This approach eventually was replaced by pooling 
agreements. Then as systems grew and generation and transmission technology advanced, large regional 
power planning groups developed. The resultant coordinating organizations are described here in sum- 
mary and in detail in following separate reports. 

The three major regional power planning groups in the West Central Region are the Missouri 
Basin Systems Group (MBSG), the Mid-Continent Area Power Planners (MAPP), and Mid-America 
Interpool Network (MAIN). One additional planning group is the Wisconsin-Upper Michigan Systems 
which was known as the Wisconsin Planning Group from its organization in May 1963 until 1968. This 
group now includes utilities in Eastern Wisconsin and the Upper Peninsula of Michigan. The group 
performs functions for those utilities which have interconnections which are of major significance to the 
entire eastern Wisconsin and Upper Michigan region. Planning is coordinated with other utilities through 
participation by all of its members in MAIN. 

All members of the Wisconsin-Upper Michigan Systems are members of MAIN, certain members 
of MAIN belong to MAPP and certain members of MAPP to MBSG. Also, there are members of each 
of these groups who hold membership in regional groups outside of the West Central Region. ‘This over- 
lapping participation aids in the overall planning and coordination of the generation and transmission 
facilities in this large geographic segment of the United States. 

The Missouri Basin Systems Group (MBSG) was established by the Missouri Basin Pooling Agree- 
ment in January 1963. It is concerned with both regional planning and with a pooled operation. MBSG 
is composed of the U.S. Bureau of Reclamation and a large number of municipals, rural cooperatives, 
and public power districts in eight states. Its objectives are to achieve coordinated planning for provision 
of the major power facilities required including thermal generation and high voltage transmission 
to meet the growing needs of the Systems Group members beyond those met by the Federal hydro system, 
and to provide for coordinated operation of the wholesale power supply system. 

Mid-Continent Area Power Planners (MAPP) was organized in February 1963. Its purpose is to 
promote integrated regional planning, to improve the quality and cost of service to the customers of its 
members, and to coordinate operation of the bulk power supply. To aid in effecting reliability and economy, 
a coordination center has been established in Minneapolis. MAPP membership has been growing and at 
the present time, consists of 15 investor-owned utilities, 8 rural electric generation and transmission Coop- 
eratives, 2 public power districts, 28 municipal systems, and the Manitoba Hydro-Electric Board of 
Canada. The Bureau of Reclamation participates in the operations of the MAPP Coordination Center. 

In November 1964 the Mid-America Interpool Network (MAIN) was created. Members are assigned 
to one of seven groups for representation at meetings. These groups, which are formed along the lines 
of the pool membership of the various companies, are the Commonwealth Edison Company, Illinois 
Group, Missouri Group, Eastern MAPP Group, Wisconsin-Upper Michigan Systems, Indiana Group, 
and the American Electric Power Group. The last two groups are companies with liaison membership, 
primarily associated with ECAR. MAIN’s purpose is to promote regional coordination of the planning, 
construction, and operation of the members’ generating and transmission facilities. Emphasis is on relia- 
bility and economy. MAIN operates a coordination center in Chicago for day-to-day coordination. 
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Each of the three regional groups has completed a considerable number of engineering studies. In 
addition to these studies on reliability, transmission capability, and operations, items coordinated include 
the forecast of load and generation, relay settings, load shedding, communications, maintenance, spare 
parts and material availability, and education programs. 

The achievements of these groups include scheduling of diversity interchange, coordinated EHV 
transmission networks, economy by delaying installation of generating units and also increasing the size 
of some units, participation in large plant construction and other improvements. 

In the West Central Region there are six power pools. These pools, organized under specific agree- 
ments, consist of power suppliers that are interconnected and have agreed to a coordinated approach to 
improve economy and service for their combined loads. Coordinated planning and operation provides 
for sharing of generating reserves including spinning reserves, coordinated generation and transmission 
development, joint scheduling of maintenance, and power and energy transactions. Included in these 
transactions are short term and long term power contracts, emergency and maintenance energy, and 
economy energy. The six pools are: the Nebraska Public Power System, the Illinois-Missouri Pool (Ill-Mo), 
the Iowa Pool, the Wisconsin Public Service—Wisconsin Power & Light—Madison Gas and Electric 
Pool (WPS-WPL-MGE), the Upper Mississippi Valley Power Pool (UMVPP), and the Missouri Basin 
Systems Group (MBSG). 

The Nebraska Public Power System has participated in coordinated planning and operations since 
1941. The System presently coordinates and dispatches the operation of the generation and transmission 
facilities of the following public power and irrigation districts in east-central Nebraska: Loup River, 
Platte Valley, Central Nebraska, and Consumers. In addition, the System serves as the control area for 22 
municipal and state agencies. Through various members, it participates in MBSG and MAPP. 

The Ill-Mo Pool was created in 1952 by Central Illinois Public Service, Illinois Power, and Union 
Electric, who function on a single system basis for daily operation and long-range facility planning. Through 
an agreement with Illinois Power, Central Illinois Light is provided some degree of coordinated planning 
and operation. The pool is represented in both MAIN and MAPP. 

The Iowa Power Pool originally was formed in 1958. A successor agreement became effective January 1, 
1969. The members are Corn Belt Power Cooperative, Iowa Electric Light and Power Company, 
lowa-Illinois Gas and Electric Company, Iowa Power and Light Company, Iowa Public Service Company 
and Iowa Southern Utilities Company. The members participate in coordinated planning of generation 
and transmission facilities and coordinate daily operations. The Pool is represented in MAPP and MAIN. 

The WPS-WPL-MGE Pool consists of Wisconsin Public Service, Wisconsin Power & Light, and 
Madison Gas & Electric. The original pool was formed in December 1960 and was joined by MGE in 
March 1968. The members participate in joint planning and operation of generation and transmission 
facilities and the purchase and sale of capacity and energy. Members participate in MAIN. 

The Upper Mississippi Valley Power Pool is a planning and operating pool which carries out co- 
ordination under a formal agreement. Six utilities formed the original pool in February 1961. They are 
Dairyland Power Cooperative, Minnesota Power and Light Company, Northern States Power Company 
(Minn) and its subsidiary, Northern States Power Company (Wisc), Interstate Power Company, and 
Otter Tail Power Company. The original agreement has been amended to provide for memberships of eight 
additional utilities and the pool now has members in Wisconsin, Minnesota, Iowa, North and South 
Dakota, and Montana. All members belong to MAPP and certain members to MAIN. 

The Missouri Basin Systems Group is an operating pool whose members belong to the MBSG. Day- 
to-day operations are conducted by the Bureau of Reclamation’s control center at Watertown, South 
Dakota. 

Commonwealth Edison is a large power supplier, equal in size to several of the formal pools. While 
not a member of a formal pool it is interconnected directly or indirectly with a number of pools as well as 
other large systems such as American Electric Power to the east. Through its numerous interconnection 
contracts it effects interchange economies and capacity sharing with its neighbors. Planning and co- 
ordination for reliability as well as economies with other pools is primarily effected through membership 
in the MAIN organization. 


I{I—2-70 


Eastern Wisconsin and Upper Peninsula Companies 


The companies included in this report are as follows: 
1. Edison Sault Electric Company (ESE) 
Madison Gas and Electric Company (MGE) 
Wisconsin Electric Power Company (WEP) 
Wisconsin Michigan Power Company (WMP) 
Wisconsin Power and Light Company (WPL) 
Wisconsin Public Service Corporation (WPS) 
Upper Peninsula Power Company (UPP) 


NOs WH 


Wisconsin Power and Light Company—Wisconsin Public Service Corporation—Madison 
Gas and Electric Company Pool 


1. Type of Organization: 
The WPS-WPL-MGE Pool is a planning and operating pool. 
2. History of Development: 


June 2, 1953............ First major direct interconnection between WPS and WPL constructed 
between Oshkosh and Fond du Lac, Wisconsin. 
Weeenber 29,1960) 220s. WPS and WPL completed a Power Pool Agreement which established 


the terms for joint planning and operation of their respective power 
generation and transmission facilities. 

Wecemiperal. 1903 - 539. « WPS commenced the purchase of Participation Capacity from WPL 
and thereby caused an equalization of percent reserves for the two 


participants. 
December Lh LOO4. ve: WPS placed in operation the first jointly planned capacity addition. 
Mierehe I LOGG sfc.) ok New Power Pool Agreement completed making MGE a Pool member, 


Nore.—Subsequent agreements have resulted in joint purchases and sales of capacity between the pool and 
non-participants and development of joint plans for other capacity additions. 


1967 Jan. 1, 1968 
peak load capability 


3. List of Members: (MW) (MW) 
NwASconsimmbublic service Conporationu ies i soci itc ae ue eens a 539 653 
iVisconsine bower and: Light Company. tii). 2 ein load a ae nai 620 658 
MiadisonsGasmandertlectrie Companvenie ee ras ein Sees ee 188 2 

REL 5 of I Oe a re ee ree 1, 347 22 


4. Requirements for Participation: 

The participants have not established specific requirements for membership in this pool 
although, in general terms, it is agreed that participants must be of a size to install large generating 
units and must participate in the ownership of major interconnecting facilities. 

5. Organizational Structure Including Official Positions, Committees and Their Functions and 
Methods of Arriving at Decisions Affecting Members of the Coordinating Group: 

An Operating Committee consisting of two members from each participating company is 
charged with the administration of the pooling agreement. This committee does, among other 
things: 

(a) Establish operating and maintenance schedules and control and operating procedures. 
(b) Assign spinning reserve requirements. 

(c) Establish limits for reactive kva requirements. 

(d) Review capacity and demand data and recommend capacity additions. 

(e) Establish ratings of capacity sources. 

(f) Establish capacity purchases required to equalize reserves. 
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The Operating Committee can and does develop rules and procedures for administration of the 
pool. Recommendations to install new capacity and to purchase or sell capacity to non- 
participants must be approved by the presidents of the participating companies. 

6. Practices in the Planning and Development of Facilities: 

(a) Each participant makes its own load projections. These projected loads are added together 
to determine expected pool demands. There is little diversity between participants’ loads. 

(6) The pool procedures require that the participants will equalize percentage reserves by pur- 
chase and sale of participation capacity. 

(c) Pool participants coordinate stability studies with nonparticipants through the Wisconsin- 
Upper Michigan Systems organization. 

(¢d) The participants stagger capacity additions to maintain a reasonable balance between capac- 
ity and demand on each system. 

7. Operating Practices: 

(a) The participants buy and sell various types of capacity and energy which are identified as: 
participation capacity, short term power, contract energy, emergency energy, economy 
energy, and maintenance energy. 

(6) Total reserve requirements for the pool are determined by the Operating Committee and 
allocated to participants as stated in 6B. 

(c) Maintenance is coordinated with other utilities in Eastern Wisconsin. 

(d) Each participant maintains its own system operating center and economic dispatch equip- 
ment. Economy energy is interchanged to achieve total operating economy for the pool. 


Wisconsin-Upper Michigan Systems 


1. Type of Organization: 
Wisconsin-Upper Michigan Systems is made up of four active committees: Executive, Co- 
ordinating, Engineering and Operating. 

2. History of Development: 
On May 27, 1963, the Wisconsin Planning Group was initiated by a Memorandum of Intent. 
The original participants in the Planning Group were Wisconsin Electric Power Company, 
Wisconsin Michigan Power Company, Wisconsin Public Service Corporation, and Wisconsin 
Power and Light Company. In 1964, Madison Gas and Electric Company joined the Wiscon- 
sin Planning Group. In 1968 the name was changed to Wisconsin-Upper Michigan Systems 
and Upper Peninsula Power Company became a member. 


1967 Jan. 1, 1968 
peak load capability 


3. List of Members: (MW) (MW) 
Wisconsin. Electric: Power ‘Conipanyanens.n. eh eae eee ee eee R24. Zee 
Wisconsin Michigan, Power ‘Gompanynt. sits oye eee ee ee 1401 1105 
Wisconsini Public Service Corporation: 245,254 pee ee ee SS, 653 
Wisconsin: Power! and) Light Companys. ¢.Geeen nett aa | ee ae Deen ee 620 658 
Madison Gas and Micetric-Companyiony aa: ee ee) fen pee ee 188 211 
Upper Pemusula;Power, Companys) sec, te es ee eee 95 WS) 

Totals joi. cet gs ed ap slabs Ac ha ees sae oho ee ee 3, 366 4, 069 


1 Included in WEPCo totals. 


4. Requirements for Participation: 
(a) Suppliers must own and operate substantial amounts of generating capacity. 
(6) Suppliers must have a high capacity interconnection (115 kv or above) with another member 
of WUMS and have operations which are significant to the reliability of the interconnected 
system of the region. 
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(c) Suppliers must own or participate in the operation of an up-to-date system operating center 
| which contains the facilities to control generation and interconnection tie line energy flows 
| and has adequate intercompany and intracompany communication facilities. 

| (d) Suppliers shall be located in Wisconsin, Upper Michigan or in a contiguous territory to and 
directly interconnected with one of the members of WUMS. 


5. Organizational Structure: 

Wisconsin-Upper Michigan Systems is made up of four committees: Executive, Coordinating, 

Engineering and Operating. The committees actively coordinate studies of joint planning 
| and operating problems. Planning studies usually result in recommendations to the manage- 
ments of the several companies. The committees have been very successful in achieving co- 
ordination among the several companies. Coordination with other utilities outside WUMS 
| was originally achieved through the Joint Planning Committee which included representatives 
of Northern States Power Company and Commonwealth Edison. The Joint Planning Com- 
mittee, although still in existence, has been generally supplanted by the MAIN organization. 
Deliberations of the MAIN Engineering and Operating Committees are reported at meetings 
of WUMS committees. 


6. Practices in the Planning and Development of Facilities: 

(a) Coordinated load projection—Each participant makes its own load projection. These pro- 
jected loads are summarized to determine expected region demands. There is no significant 
diversity between participant’s demands. 

(b) There is no fixed percentage minimum reserve established for WUMS because the require- 


ments of individual utility service areas and the characteristics of generating units in various 
utilities differ and thus dictate slightly different reserve requirements. WUMS generally 
maintains a minimum reserve of about 15%. 

(c) A Transmission Planning Task Force has been established by the Engineering Committee 
which conducts load flow and stability studies for WUMS. The studies encompass both im- 
mediate future and far future system expansion plans. Stability studies include both routine 
analysis of simple faults and investigation of disaster situations. The joint studies of generation 
and transmission facilities required for serving future loads have resulted in deferred installa- 
tion of generating capacity. The participants also have coordinated transmission line con- 
struction so as to avoid duplication of facilities and to minimize transmission facilities on each 
system. 

(d) A Transmission Design Task Force has been established to promote uniformity of design, 
interchangeability of materials and equipment, and joint efforts in the procurement of right 
of way. 

(ec) A Relay Task Force has been established to coordinate system and tie line relay settings. 


7. Operating Practices: 

(a) Participants buy and sell various types of capacity and energy which are identified as reserved 
power, short term power, emergency energy, economy energy, and maintenance energy. 

(b) See Item 6B for installed reserve coordination comments. 

Spinning reserves are coordinated by the Operating Committee on an hourly basis. The 
companies share the spinning reserve requirements for the largest unit in operation at the 
time. 

(c) Maintenance is coordinated by the Operating Committee in order to achieve the smallest 
amount of capacity out for maintenance at any one time consistent with the seasonal demands 
for power. An exchange of maintenance energy also occurs between members of WUMS 
and companies external to that group. 

(d) Each participant maintains its own system operating center and has tie line load control 
equipment. Five of the six participants have need for automatic economic dispatch equipment 
and have installed it. Operating centers for each company are directly connected with the 
operating centers of all the other companies through direct telephone communications. 
Telemetering of tie lines and other essential operating information is universally employed. 
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Miscellaneous 


ESE does not belong to an organized coordinating group as such, but does have operating agreements 
with Consumers Power Company, UPP, U.S. Hydro Plant at Sault Ste. Marie, and Cloverland Electric 
Coop. System studies and relay settings are coordinated with Consumers Power system and they are 
currently working with Consumers Power Company on a plan to coordinate spinning reserve. 


Ilinois-Missouri Pool 


1. Type of Organization: 


The Illinois-Missouri Pool was formed under an agreement between Central Illinois Public 
Service Company, Illinois Power‘Company and Union Electric Company, dated August 15, 1952. 
It is a coordinated planning and operating pool with each participant accepting responsibility for 
coordination of planning and installation of generation and transmission facilities and coordi- 
nation of the operation of its system with those of the other participants. It should be noted that 
the Hlinois-Missouri Pool is not in itself an entity. The name ‘Illinois-Missouri Pool’ was suggested 
as a reasonably descriptive and short name for the Pool, which was formed as a result of the first 
mentioned agreement and was adopted by the Operating Committee. 


2. History of Development: 


In the late 40’s and early 50’s, considerable strides were being made in the development of 
larger generating units. Labor and other costs were increasing, and it was rather obvious that it 
would be necessary for utilities to find ways of utilizing these larger and more efficient units with 
their attendant economies. Offsetting these economies for an isolated system was the fact that the 
installation of larger units would require larger generating reserves. These facts naturally led to 
the formation of the Ilinois-Missouri Pool which made it possible for the participants to obtain 
the benefits available from larger units and to share in the increased reserves necessary. 

While these factors alone would undoubtedly have prompted the formation of the pool, 
the Atomic Energy Commission’s decision to locate a plant near Paducah, Kentucky, generated 
additional pressure to form the pool in 1952. The present three Illinois-Missouri Pool participants, 
together with Kentucky Utilities and Middle South Utilities, helped to form Electric Energy, 
Inc. Electric Energy, Inc. proceded with the installation of a one million kw generating station 
at Joppa, [llinois, to supply power to the Atomic Energy Commission. 

The northern sponsors of Electric Energy, Inc,; namely, the Illinois-Missouri Pool partici- 
pants, agreed to interconnect their respective systems with a 230 kv transmission line to Electric 
Energy, Inc. This line, in addition to supplying interim start-up power for the Atomic Energy 
Commission plant, was also used to supply backup power to Electric Energy, Inc., as well as 
surplus power from Electric Energy, Inc. to the northern sponsors. 

An interconnection agreement was entered into on August 15, 1952, and subsequently 
modified with a new agreement on November 8, 1956, with amendments on January 16, 1963, 
December 4, 1964, and June 4, 1965. 


1967 Jan. 1, 1968 


3. List of members: ES can) 


(MW) (MW) 
CentrakIilinom Public ServicesGo ae... sn a eee ee 868 he a3 
Illinois Power Cox). units it, SLID, Dae) eee ave) oa eee pie 1338 1, 444 
Umion, BlectrigiGotr. was J nseteeig cacy the aca kad eee ee re eee By AED, SOos 
HiEMo: Poel (POPAL C8) a Phs sek Se) Uo. peice fn ee op ig ae sat  ka 5, 418 Oyo 
Central Tlinois Light Go. ous k 2g Ade Mees Sees eee eee ae 474 245 


1 The Ulinois-Missouri Pool participants are also entitled to 612 mw of Electric Energy, Inc., surplus capacity during 
peak load periods and slightly more during off-peak periods, 


Central Hlinois Light Company, although not a participant in the Pool, has agreements with Illinois Power Company 
which provide for coordinated planning and operation, 
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4. Requirements for Participation: 
| Since the Illinois-Missouri Pool is a name adopted for and applied to the participants in a 
certain interconnection agreement, it is not a membership-type of organization, even though 
the participants are oftentimes referred to informally as ‘members’. Inasmuch as the partici- 
/ pants are the corporate entities signatory to the interconnection agreement, any extension of 
the interconnection agreement to provide for additional participants would necessitate the 
execution of a whole new agreement and would require the consent of all participants involved. 
5. Organization Structure Including Official Positions, Any Committees and their Functions, and 
| Methods of Arriving at Decisions Affecting Members of the Coordinating Groups: 
The agreement provides for the appointment by each participant of a member and an alter- 
| nate member of an operating committee. This committee has authority to establish operating 
| and maintenance schedules, control and operating procedures and principles of interchange 
accounting and such other duties and authority as is provided by the agreement or may be con- 
ferred upon it by mutual agreement of all the participants. In general, matters coming under 
the jurisdiction of the operating committee must have the unanimous agreement of all members 
of the committee. In the event that the committee is unable to agree on any matter coming under 
its jurisdiction, that matter is referred to the chief executive of each of the participants and some 
kind of settlement is negotiated. In the unlikely event that a negotiated settlement is impossible, 
each participant has the right to avail itself of a three-year cancellation provision. 
6. Practices in the Planning and Development of Facilities Including: 
(a) Coordinated Load Projections: 

Each participant projects its own load and these individual projections are combined into 
a pool load projection. 

(6) Coordinated Planning for Reserves: 

By agreement, each participant shares in the pool reserve in the ratio of its accredited 
demand to the Pool’s accredited demand. 

(c) Coordinated System Stability Studies: 

The system planning groups of the participants participate in joint planning and sta- 
bility studies. 

(d) Joint or Staggered Participation in Facilities Development: 

Joint participation in facilities development by participants is a common occurrence. 
Each facility is handled on a negotiated basis and separate facility use agreements provide for 
facility rental charges between participants. 

7. Operating Practices, Including: 
(a) Exchanges of Capacity and Energy: 

Operating practices are coordinated by the operating committee. Each participant is 
entitled to its share of whatever capacity is available in the pool. Any difference between the 
installed capacity of a given participant and that participant’s capacity responsibility is 
settled for by capacity equalization payments of $1.25 per kw per month. 

Various types of energy, such as deficiency, equalization, emergency, economy and 
excess, are exchanged regularly. 

(6) Coordination of Reserves Including Spinning Reserves: 

The Illinois-Missouri Pool’s practice is to provide for spinning reserve at all times in an 
amount equal to or greater than the largest unit operating in the pool. Since this must cover 
the peak load period, it obviously provides spinning reserve well in excess of the requirements 
at other times. By agreement this spinning reserve is distributed among the participants in 
proportion to their respective accredited demands. Up to 50% of the pool’s spinning reserve 
requirement may be in neighboring systems on a reciprocal spinning reserve basis. 

Central Illinois Light and Illinois Power have a reciprocal spinning reserve agreement 
for 20 mw. 

(c) Coordination of Maintenance: 

Maintenance schedules are coordinated by the operating committee on a continuous 

basis. 
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(d) Economic Dispatch Including Descriptions of Control Facilities: 

Central Illinois Light and each participant in the Pool has its own automatic load con- 
trol and economic dispatch equipment. Central Illinois Light, Central Illinois Public Service, 
and Union Electric Company all have equipment which performs the economic dispatch 
function automatically. Illinois Power precalculates its economic dispatch schedule and makes 
manual adjustments of the load control equipment from time to time. 


Pool 


. Type of Organization: 


The Iowa Pool is provided for by an agreement among six electric utilities, operating wholly 
or partially in lowa. The agreement provides for coordinated planning and operation and contains 
various Service Schedules for capacity and energy transactions between the members. 


. History of Development: 


The Iowa Pool contract became effective January 1, 1969 as an agreement among six electric 
utilities. The contract was patterned after the Upper Mississippi Valley Power Pool Agreement 
which has been in operation for several years. The Iowa Pool Interconnection and Coordination 
Agreement had a predecessor in the Iowa Pool Interconnection Agreement which was in use from 
July 1, 1958 to January 1, 1969. 


. List of Members: 


1967 Jan. 1, 1968 
peak load capability 


(MW) (MW) 

Corn Belt, Power Cooperative: oo eaodiyio ch age een ee ee eee 100 116 
Towa: Electric: Light and ‘Power Company... <2 oe ee ee 472 436 
Towa-lllmois* Gas'and" Electric Gompariy 450 2.60 ee ec i ee 452 415 
Towa‘Powerand bight: Company >.) .e.. .)as as ed es Che ee ee 497 633 
lowa Public Service: Company o. 5 sage os 2s. ong oe ra ae ae ee ee 312 421 
Iowa‘ Southern Utilities Company2.¢. 285 2s 2c etn ee ees 175 92 

a0) £1 I ae ne aa aN Sree tn ae Ree TL BU Syl bede AS ale ek Y 2, 008 2, 113 


. Requirements for Participation: 


The Pool Agreement contains no specific requirements for membership. The preamble 
paragraphs establish that the parties are engaged in the business of generating and transmitting 
electric energy, their operating areas closely adjoin each other with their systems already inter- 
connected or capable of being interconnected, and they recognize the benefits of coordinating the 
installation and operation of generating and transmission facilities. 

Organizational Structure: 

The Iowa Pool is administered by an Administrative Committee of six members with one 
member appointed by each of the six Pool members. Each member may also appoint an alternate 
to act in the absence of the regular members. The committee has a chairman normally rotated 
among the six companies at one-year intervals. The Chairman may appoint such other officers 
as are deemed necessary. A list of responsibilities as described in the Interconnection Agreement 
is as follows: 

(a) Prescribe the manner of reflecting terminations of power sales and purchases in a party’s 
accredited system demand. 

(6) Establish conditions and procedures for determining net generating capability. 

(c) Determine and assign the accredited capability and annual accredited system demand for 
each party in accordance with the provisions of the agreement. 

(d) Determine whether quick-start generating units may be included as spinning reserve. 

(e) Establish a method of determining the most direct route for the transmission of power and 
energy. 

(f) Record the minutes of all committee meetings and furnish copies to each member. 

(g) Determine and recommend such practices, rules and procedures as may be required to coordi- 
nate the plans for additional generating and transmission facilities. 
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(h) Schedule meetings at least twice annually. 

(7) Obtain semi-annually from each party a monthly load and capability forecast for such party’s 
system for a period of four years or more. 

(7) Review demand and capability forecasts and reserve capability obligations of the parties 
periodically and collect data and information as is deemed necessary. 

(k) Make coordinating studies of the plans of the part’es for the construction of generating and 
transmission facilities and purchases and sales between parties and recommend a plan to the 
Executive Officer of the systems. 

(2) Determine practices, rules, and procedures required to coordinate the operations of the 


(m) Periodically review the spinning reserve obligation of the parties. 
(n) Make studies pertinent to the interconnected operation of the systems and conduct trans- 


! 
| systems. 
| 
1 


mission network studies. 

(0) Coordinate the maintenance schedules of the parties. 

(p) Determine and recommend the procedures for supplying the spinning reserves of the pool in 
the event of a large generator failure or other comparable contingency. 

(q) Establish other committees as deemed necessary. 

(r) Change the reserve capacity obligation if conditions warrant it. 

(s) Determine the source and amount of equalization power to be purchased by a deficient party. 

(4) Determine and recommend how spinning reserve shall be restored after the occurrence of an 
emergency. 

(u) Establish the spinning reserve obligation of the parties and coordinate the spinning reserve of 
the pool. 

(v) Establish principles and practices to balance out in kind the difference between net scheduled 
deliveries and actual net deliveries. 

(w) Determine what records and metering data are necessary to develop a clear history of trans- 
actions between parties. 

(x) May adjust the billing periods. 

(y) Determine principles and practices for the delivery of emergency energy. 

(z) Develop formulae to determine compensation for losses. 


Any action, determination, or recommendation requires a two-thirds affirmative vote by the 
Administrative Committee. Such action, determination, or recommendation becomes binding 
after thirty days unless objection is made thereto by the Executive Officer of any party. If the 
Executive Officers do not unanimously approve or disapprove the decision within sixty days 
after the Administrative Committee vote, any party may invoke the arbitration provisions of the 
agreement to ultimately solve the problem. 

The arbitration provision cannot be used nor does the Administrative Committee or a Com- 
mittee of the Executive Officers have authority to require a Party to install facilities, restrict a 
Party’s scheduling of maintenance, restrict a party’s election whether to install facilities or purchase 
power to maintain its accredited capability, or amend or supplement the agreement. 


6. Coordinated Load Projections: 

Each Pool member prepares a long range estimate of his maximum summer and winter load 
and a four-year estimate of his twelve monthly expected peak loads. Both of these estimates are 
based on the principle of forecasting maximum probable loads. ‘The long-range estimate is used 
for coordinated planning of production and transmission facilities and the short-range estimate 
for preparation of coordinated maintenance schedules and for determining the purchases and 
sales to be made. 


Coordinated Planning for Reserves: 

A study was made several years ago to develop the reserve required to eliminate the prob- 
ability of a forced outage requiring load reduction at intervals more frequent than seven years. 
During this study, it was actually found that the maximum risk only occurs during selected days 
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in three months of each year and that this three months of maximum risk period does not change 
after maintenance is added to the other nine months. One therefore concludes that the exposure of 
one forced outage in seven years, as determined by the computer, is actually equivalent to one in 
twenty-eight years in actual experience. 

From this study it was determined that 15 percent in reserve generating capacity was enough 
to all but eliminate the risk of a forced outage developing a service interruption. 

Later studies made in connection with the 345 kv transmission line connecting the Upper 
Mississippi Valley Pool, the Iowa Pool, and the Illinois-Missouri Pool, developed a 3 percent 
reduction in reserve capacity requirement due to the improved forced outage diversity. The 
Iowa Pool therefore has dropped its reserve capacity requirement from 15 percent to 12 percent 
in 1967 when the 345 kv Twin Cities-Iowa-St Louis line went into service. 


Coordinated System Studies: 


Digital computer load flow studies of the Iowa Pool and adjoining systems are conducted 
to test the adequacy of the existing system and of proposed system additions for normal and 
emergency conditions. The Iowa Pool cooperates with regional organizations, such as MAPP 
and MAIN, in computer studies examining the limitations and the reliability of the regional 
transmission system. 

The Iowa Pool also performs digital computer fault studies and coordinated studies of the 
transmission protective system. 

The system stability study was performed in connection with the Twin Cities-Iowa-St Louis 
345 kv transmission line. The Iowa Pool cooperates with MAPP in regional stability studies as 
related to the security of the protective relaying system for major system disturbances. Stability 
studies related to the installation of new generating units are conducted by individual parties 
associated with the installation when such studies are deemed necessary or desirable. 


Joint or Staggered Participation in Facilities Development and Capacity Purchased: 


The six-year capacity requirements, 1969 through 1974, for the six systems in the Iowa Pool 
will be covered by the following jointly planned new facilities and purchases: 


1969: 
32 mw_ Iowa Public Service Company, Gas Turbines. 
393 mw Summer Purchases and 300 mw Winter Purchases from outside the Iowa Pool 
1970: 
375 mw _Iowa-Illinois Gas and Electric Company, Quad Cities, Nuclear Station. 
614 mw Summer Purchases and 128 mw Winter Purchases from outside the Iowa Pool. 
1971: 
355 mw Summer Purchases and 169 mw Winter Purchases from outside the Iowa Pool. 


1972: 

325 mw_ Iowa Public Service Company, Neal Unit #2. 

400 mw Iowa Power and Light Company, Cooper Nuclear Station, Long-Term Participa- 
tion Purchase. 

272 mw Summer Purchases and 234 mw Winter Purchases from outside the Iowa Pool. 

TOTS: 


149 mw Summer Purchases and 111 mw Winter Purchases from outside the Iowa Pool. 


1974: 


990 mw Iowa Electric Light & Power Company, Duane Arnold, Nuclear Energy Center. 
24 mw Summer Purchases and 36 mw Winter Purchases from outside the Iowa Pool. 
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7. Exchanges of Capacity and Energy: 


The Iowa Pool arranges for the installation and purchase of sufficient capacity to carry the 
Pool load plus 12 percent reserve. The arrangements for the capacity sometimes develops an 
unequal distribution among the six systems. Purchases and sales are made between the systems 
under one of the various service schedules so that each system can meet its responsibility. 


Coordination of Reserve, including Spinning Reserves: 


A minimum spinning reserve of 100 mw is scheduled and during most hours of the day the 
reserve exceeds 100 mw by a wide margin. In addition, the Pool has arranged with seven neighbors 
to provide a total of 150 mw of additional spinning reserve. In exchange for this reserve, the lowa 
Pool has offered an amount varying between 5 and 75 mw to each of these neighbors during an 
emergency period in their system. These seven arrangements provide for the emergency service 
if an emergency is not occurring in the system of the supplier. 

The 100 mw of spinning reserve is assigned among the Pool members in proportion to their 
maximum annual demands and the ratio of each largest unit to the sum of all participants’ largest 
units. Each member distributes his assignment among the generating units he has in service. The 
amount of spinning reserve assigned to each generating unit must not exceed one-sixth of the 
capacity of that unit and the unit must be synchronized to the bus and under governor action. 
This insures that the entire 100 mw will be supplied automatically if the system frequency drops 
to 59.5 Hz or lower. 

Additional capacity is normally available from fast start units, such as gas turbines or diesels. 


Coordination of Maintenance: 


Maintenance is coordinated by the Pool Operating Committee and load dispatchers so that 
the Pool has sufficient capacity to carry its load, the transmission lines have sufficient reserve to 
cover capacity and emergency transfers, and reserve capacity is adequate and adequately dis- 
tributed throughout the interconnected system of the six Pool companies. 


Economic Dispatch, including Description of Control Facilities: 

At 2:00 p.m. each day, each system dispatcher puts his offers of tomorrow’s economy energy 
on the teletype. These offers are accepted, with the highest priced decrements and the lowest 
priced increments having first priority. Most of the dispatchers use automatic controls for dis- 
patching within their systems. These controls will usually read out the incremental cost of the 
next kilowatt of capacity. The intersystem economy dispatching is not carried on automatically 
but by dispatchers’ transactions as described above. 


Mid-America Interpool Network 


The power systems in the Middle West have long recognized the need for coordinated planning and 
operation of their power systems. Numerous interconnections at 138 kv have been in service for as long 
as forty years and in recent years interconnections at 345 kv have been growing at a rapid rate. Recently 
a 765 kv interconnecting line was authorized. Several formal pools have been created in the Middle West 
to facilitate coordination. 

About five years ago, a group of planning engineers representing the major companies and pools 
in the Middle West started to hold regular meetings in order to broaden the degree of coordination. At 
these meetings, system problems of mutual interest were discussed, principally the coordination of genera- 
ation and transmission projects. These meetings brought gratifying results and in November 1964, it was 
decided to formalize this organization by creating MAIN, the Mid-America Interpool Network. 

In June 1967, the MAIN Agreement was revised to coordinate its membership and its activities 
with other developments in the area. The companies in the MAIN organization were grouped into regular 
members and liaison members as follows: 
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1967 Jan. 1, 1968 
peak load capability 


(Mw) (MW) 
Regular Members: 
Commonwealth Edison: Compa ny noe ot leds oy he ede Sie eae 7, 643 8, 547 
Illinois Group: 
Central Illinois Light'Co. . 2s. «1. pce eer. MISE e Le reo ESRI GP eke eee ea 474 545 
Gentraltilinois' Public: Service’ Gove. sn ee ee eee 868 1,178 
Hilinois Power Co 220i...) 2a ae octal en GRRE, RAMOS eRe E Cad tLe Pine ae ee ee 1, 338 1, 444 
Missouri Group: 
Union Blecttic: Cowie Gm s0), oie Re ae oe. egestas Aerts eae 3 2h B053) 
Associated Electric-Coops.a:.wmes. Mlestanta: ce aera ek eden eee erent ge Oe aod 322 
Eastern MAPP Group: 
Interstate.PoweriGoh eames, eg otc yr Re ohae oto cose a29 564 
lowa Electric:Lisht Power‘ Co i c.. 2 mao et ete rt eee aie 436 
Towa-Illinois" Gas" Electric’ Gor cena ne erate et eta er 452 415 
Towa Power’? G Light Got t.f-al) We ie ee er eG ee ee ne es 497 633 
Towa: Public Service; Contrasts thst Spica ae ne Ie eo reer ata 312 421 
lowa Southern Utilities)... cwwd anus eoemcarreep add: Vereen: ee ae 175 92 
Northern; States Power (Got 6 casi 5ct oe OC Re ee eee 2325 Pip POS: 
Wisconsin-Upper Michigan Systems: 
Wisconsin Electric: Power Goreees ste ree ae ets et a eee eee ee 1, 924 2, 422 
MadisomiGas <o? Blecttie: Goma sa2s desant ath 6 sen Horn dee ate eee ee 188 DAN 
WasconsingMichigan Poweri Comer eaenn seach: eet cio tn ere ee et ee 1401 1105 
Wisconsin Power *y iphttGorn goanes ears. cians hgeeeey See ate PRs See ee 620 658 
Wisconsin Public: Service Corps coin <a Cayton tye eee ae 339 653 
Upper? ensinsula, Power Co sets scsi a re eae 95 125 


Liaison Members:: 
American Electric Power Company Group. 
Indiana Group: 
Indianapolis Power & Light Co. 
Public Service Company of Indiana, Inc, 
Northern Indiana Public Service Co. 


1 Included in WEPCo totals. 


As seen from the above, MAIN is an association of power companies and groups of companies, some 
of which may already be members of power pools. In addition, each of the systems or groups in MAIN 
may represent other companies in their respective geographical areas. This allows relatively small com- 
panies to participate in the development and execution of MAIN plans and programs and to receive the 
benefits of coordinated long-range planning. 

The regular members of MAIN have a generating capacity in 1968 of about 30,000,000 kw and 
serve major portions of Illinois, Missouri, Iowa, Minnesota, and Wisconsin. The systems comprising 
MAIN are interconnected by a 345 ky regional transmission grid; also, there are interconnections with 
neighboring systems and pools outside of MAIN with heavy connections to the east, principally to the 
American Electric Power system. 

The purpose of MAIN, as stated in the Agreement, is “‘to promote maximum coordination of plan- 
ning, construction and utilization of generation and transmission facilities on a regional basis by MAIN 
members individually and as members of the power pools to which they belong, in order to improve the 
reliability of electric bulk power supply in the areas served by such members and pools.” 

While the Agreement deals primarily with reliability, it also makes reference to economics. It states 
that “It is expected, however, that groups of MAIN members will develop planning and operating arrange- 
ments to achieve increasing economies in bulk power supply, such as: 


A. Joint scheduling of capacity, arrangements for economic dispatch of generation, and coordinated 
use of transmission facilities. 


B. Making maximum use of the generating capacity that is available because of seasonal diversity 
characteristics. 
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CG. Interchange of energy for economy reasons.” 

Officers of MAIN consist of a chairman and vice-chairman. There are three permanent committees; the 
Executive, Engineering and Operating Committees. 

The Executive Committee consists of a representative of each group of companies designated on the 
membership list. ; 

The Engineering Committee is the planning arm of MAIN and undertakes such activities as will 
contribute to improving the high degree of electric service reliability through more complete coordina- 
tion of the long-range plans of the members of MAIN. 

The Operating Committee is the operating arm of MAIN. It undertakes such activities as will aid in 
coordinating the operating activities of the members of MAIN to maintain reliable electric service. 

The Engineering Committee meets at regular intervals to carry on its coordination activities. At 
these meetings, information on the capacity programs of the various companies are interchanged and 
discussed. Reports are received from various task forces that carry on the detailed activities. The principal 
group is the Transmission Task Force which works continually analyzing load flow and stability problems 
as a check on the adequacy of the transmission system. Computer analyses are made of the interconnection 
capabilities between the various systems in MAIN, studies are made of maximum credible incidents, 
and operating guides and critical facilities lists are developed. The maximum credible incidents studies 
test the stability of the interconnected system to withstand the loss of an entire generating station or large 
substation. 

Operating guides and critical facilities lists provide useful information to the operating personnel 
to improve the reliability of operation on the bulk power system. Following are lists of completed and 
current studies of the Task Force: 


Completed Studies: 


1. 1966 Extreme Disturbances. 

2. 1968 Interconnection Capabilities. 

3. 1966 Summer Critical Facilities List. 
4. 1966-67 Winter Critical Facilities List. 
5. 1967 Interconnection Capabilities. 

6. 1967 Summer Critical Facilities List. 

7. 1967-68 Winter Critical Facilities List. 
8. 1970 Interconnection Capabilities. 

9. 1968 Extreme Disturbances. 
10. 1968 Summer Critical Facilities List. 
11. 1968 Operating Study. 
12. 1968-69 Winter Critical Facilities List. 


Current Studies: 
1. 1969 Operating Study. 
2. 1970 Extreme Disturbances. 
3. 1973 Extreme Disturbances. 
4. 1973 Interconnection Capabilities. 
5. 1976 Interconnection Capabilities. 


Another task force has been developing a coordinated future program for the MAIN systems. Studies 
are in progress to establish a 1980 system; computer studies are being made to check the coordination 
of the various plans submitted by the individual systems. As a result of this effort, we expect to produce 
a coordinated plan of development for the MAIN area. 

Other task forces of the Engineering Committee have made studies of load diversities in the area 
and factors affecting the required generator reserves. 

The Operating Committee of MAIN was established in 1967. Previous to this time, the Engineering 
Committee had carried on various activities affecting the operating reliability. One of the results of this 
effort was the establishment of the MAIN Coordination Center in Chicago in April 1967. This Center 
has the function of coordinating the day-to-day operations of the MAIN companies and to maintain 
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liaison with neighboring systems; through its operations, there is assurance that the generating capacity 
in the region will be fully utilized. Also, the Center acts to prevent unsafe operating situations on the 
regional transmission system. 

Another operating activity carried on by the Engineering Committee was the establishment of an 
operating guide covering the action to be taken by the MAIN companies in the event that a shortage 
of generating capacity should develop in the region. This includes a program of load shedding to arrest 
a decline in system frequency. 

The planning coordination carried on by the Engineering Committee has led to a number of achieve- 
ments. Following are examples. 


1. The American Electric Power system has a winter peak while the companies in Illinois have a 
summer peak. This has resulted in contracts for seasonal diversity exchange between AEP and 
the I[llinois-Missouri Pool amounting to 200 mw, and also between AEP and Edison for 100 mw. 
Starting in 1970, the diversity exchange between AEP and Edison will be 200 mw. 

2. Coordination of the generating programs of the various companies in MAIN has resulted in a 
number of cases where generating units have been delayed by coordinating the programs of con- 
tiguous companies. Following are specific examples: 

(a) Northern Indiana Public Service Company deferred a 396 mw unit (Bailly #8) from December 
1967 to June 1968 by purchases from American Electric Power and Commonwealth Edison 
companies. 

(b) Northern States Power Company deferred a 550 mw unit (A. S. King #1) for two years, from 
1966 to 1968, by purchasing from companies connected to the 345 kv system. 

(c) Wisconsin Electric Power Company deferred a 300 mw unit (Oak Creek #7) from December 
1964 to June 1965 by purchasing from Commonwealth Edison Company. 


3. The Indiana Pool found it possible to install a larger unit (450 mw) in 1969 than would otherwise 
be economically possible by selling some surplus capacity to AEP. This transaction will allow 
the Indiana Pool to benefit from economies of scale inherent in the installation of larger units. 

4. Recently Commonwealth Edison joined with Iowa-Illinois Gas and Electric in the construction 
of a new generating station (Quad-Cities) on the Mississippi River, near Moline, Ilinois. Two 
800 mw nuclear units are being installed in this station for service in 1970 and 1971. Iowa-Illinois 
will own 25% of this capacity. 

5. In the field of transmission, several joint 345 kv projects have been carried out by the MAIN 
companies as a means of coordinating the generating programs and providing for adequate reserves 
between systems. 

(a) Minneapolis-Milwaukee-Chicago, 1966. 
(b) Minneapolis-Iowa-St. Louis, 1967. 

(c) Chicago to St. Louis, 1968. 

(d) Breed to Coffeen, 1968. 

(e) St. Louis to Kansas City, 1968. 

(f) Kansas City to Omaha, 1969. 

(g) Minneapolis to Omaha, 1970. 

(h) Iowa to Chicago, 1970. 

(¢) Michigan to Indiana and Ohio, 1969. 
(j) Hills to Des Moines, 1969. 

(k) Des Moines to Omaha, 1970. 


6. Commonwealth Edison and American Electric Power are proceeding with an extension of the 765 
kv transmission system from the Lakeville Substation of AEP to a new substation in CECo territory. 
In conjunction with this joint transmission project, CECo will purchase 500 mw from AEP for 
the summer period starting in 1974 for a period of four years. 

7. CECo has initiated discussions with the Consumers Power Company on the possibility of CECo 
participating in the pumped storage generating station to be built near Ludington, Michigan, 
by the Consumers Power Company. This station is scheduled for service in 1973-1974. 
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The MAIN Operating Committee, since its formation in the summer of 1967, has been meeting at 
regular intervals. At these meetings, they have discussed a number of subjects and will continue to 
coordinate the activities of the various companies on these items: 


1. MAIN Coordination Center: 


The Committee will follow the activities of this Center and make recommendations for its 
operation. 


2. Load Shedding: 
They have reviewed and coordinated the load shedding programs in various MAIN companies. 


3. Communications: 

A report has been prepared on regional communications. The objective is to develop voice 
communication and teletype systems between the various load dispatching offices of the MAIN 
companies to assure adequate communications for emergency conditions. These systems also 
are tied in with the neighboring systems outside the MAIN group. 


4. Operating Terminology and Definitions: 


To assure uniform action under various conditions, the Committee is discussing various 
definitions, such as “‘emergency energy interchange.” 


5. Gas Turbines: 


Many companies in MAIN are installing gas turbines for peaking purposes. The proper use 
of these gas turbines is being discussed. 


6. Spare Parts and Material: 
Availability of spare parts for 345 kv equipment is being interchanged between companies. 


7. Power Disturbance Investigations: 
The Operating Committee will make investigations of all operating disturbances in the 
regions that affect a number of systems. 


8. Maintenance: 
Information is being interchanged on turbo-generator maintenance to provide necessary 
coordination of this important function. 


Mid-Continent Area Power Planners 


The Mid-Continent Area Power Planners (MAPP) is an organization of midwest electric utilities 
that was formed by 22 generation and transmission systems in February 1963 to promote coordinated 
planning among its members with a view toward establishing a large regional power pool. The current 
number of members is 54 and includes 15 investor-owned utilities, 8 G&T cooperatives, 2 public power 
districts, the Manitoba Hydro-Electric Board of Canada, and 28 municipal electric utilities. A member- 
ship list is appended as Attachment #1. Membership in MAPP is open to all local electric utilities that 
can contribute to and benefit from its coordination program. All of the members of the Iowa Pool and 
Upper Mississippi Valley Power Pool are members of MAPP. The service area of MAPP members 
includes all or part of ten Midwestern states from Montana to Wisconsin and from Missouri to the 
Canadian border, plus the province of Manitoba. MAPP members serve more than 34 million customers 
with a total 1968 estimated peak load of 12,500 mw. 

The MAPP program and policies are directed by a Management Committee composed of one rep- 
resentative from each member utility except that municipal utilities have one representative from each 
state. Administration of the program is handled by an eight-member executive committee. The 
membership consists of eight members elected from the Management Committee and include four rep- 
resentatives from investor-owned utilities, three from generation and transmission cooperatives, and one 
representative from a public power district. The chairman of the Management Committee is also chair- 
man of the Executive Committee. 
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Planning for coordinated development of generation and high voltage transmission facilities is carried 
out by a Planning Committee. Each major system or power pool within the MAPP membership is rep- 
resented in this committee. The primary function of the Planning Committee is to develop broad plans 
for expansion of generation and high capacity interconnections to improve cost and reliability of electric 
service. Detailed planning of specific facilities is handled by individual systems or sub-regional groups 
that will build and operate them. Studies which have been or are being run also include generation 
reserve requirements based on probability of loss of capacity, savings available with optimal operation 
of generation, and reliability studies. 

An extensive grid of 230 kv and 345 kv line has been planned under the MAPP program in close 
collaboration with MAIN member utilities to the east and MoKan member utilities to the southwest of 
the MAPP area. This transmission grid is described in the section on Patterns of Generation and Trans- 
mission. Construction of this transmission grid will be virtually completed by 1970-72 at a cost of over 
$250 million. 

The basic objective of the MAPP organization was to promote integrated regional planning among 
its members to improve the quality and cost of service to the consumer. However, MAPP recognized that 
with the installation of the multiple-owned EHV grid, large generating units and increased intersystem 
dependency on large power exchanges, a central agency would be required to coordinate day-to-day 
operations of the entire network. The MAPP Management Committee authorized the establishment of a 
Coordination Center in late 1966 to coordinate operations of bulk power supply in the MAPP area. 
A MAPP staff, consisting of four engineers, a coordinator, two dispatchers, and a secretary, has been em- 
ployed with offices in Minneapolis, Minnesota. The Coordination Center works under the direction of a 
26 man Coordinating Committee. This committee is made up of 26 representatives actively engaged in the 
system operation field from each of the 25 power suppliers of MAPP who are members of the Coordination 
Center and one representative from the Bureau of Reclamation who participates in the support of the 
Coordination Center. Coordination of operation with the municipals is presently effected through the 
MAPP power supply representative of the system to which the municipal is connected. 

The Center began an eight hour day, five day a week operation on June 1, 1967. The Center is en- 
hancing system security by providing the necessary overview of the overall regional operations which 
includes coordinating transmission and generation maintenance outages, power exchanges, spinning 
reserve and monitoring the loading of critical power facilities. The Coordinating Committee and the 
MAPP staff have prepared various operating procedures and surveys to cover both normal and emergency 
operation of the MAPP bulk transmission network. An automatic under-frequency load shedding plan 
has been coordinated among all of the member systems. The MAPP members have installed or are installing 
underfrequency relaying to start shedding load at predetermined frequency levels with a total load of 30 
to 35 per cent shed. 


The basic communication link with the dispatchers to the Coordination Center is through teletype: 
The MAPP office has three teletype machines which connect it to the dispatch centers of the lowa Pool; 
Upper Mississippi Valley Power Pool, and the MAIN organization. The MAPP Coordinating Com- 
mittee recently approved the installation of 100 wpm teletype system for all members of the Coordination 
Center and St. Joseph Light and Power and Kansas City Power and Light. This system which will be 
installed in the spring of 1969, will replace the present Upper Mississippi Valley Power Pool and lowa 
Pool teletypes. 


The Coordinating Committee has four working subcommittees: Relaying, Computer Operational 
Study, Operating Procedures and Center Development. The Center Development Subcommittee is 
formulating a detailed proposal for expanded centralized dispatching facilities to keep pace with future 
needs, 


A Mid-Continent Area Reliability Coordination Agreement has been executed on May 1, 1968, 
which provides for review of each system’s plans and operating practices as they affect reliability of area 
bulk power supply. This agreement provides for a council made up of a representative from each of the 
members. This council has established a design review committee and an operating review committee. 
The design review committee with the assistance of the MAPP staff will review and evaluate each mem- 
ber’s plans for generation and transmission facilities relevant to reliability of the bulk power supply and 
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perform studies and investigations concerning the overall adequacy of future transmission and generation 
reserves in the Mid-Continent Area. This committee will make recommendations to the council as to the 
adequacy of these plans with respect to system criteria established by the council. The operating commit- 
tee will likewise review and make studies concerning the operation of the overall bulk supply as it affects 
reliability and make recommendations to the council concerning adequacy as judged by the operating 
standards established by the council. 

The direction of a seven year program for development of the MAPP Coordination Center has been 
approved in principle by the membership. The development is designed for three phases: 


Phase I. consists of the period from now until 1972. Additional people would be employed as 
dispatchers so that in 1970 a full twenty-four hour, seven day operation would be in effect. Also, 
during this period a limited amount of metering would be installed in order that an approximate 
picture could be obtained at any instant of the power flows on the entire MAPP network. 

Phase II. considers the installation of a medium size computer in 1972 to perform system security 
checks, monitoring and predicting of first and second contingency operations. 

Phase III. consists of installing a second medium size computer or two small scale computers by 
1975 which would be able to perform economic dispatch with backup provided by the first computer. 


MAPP Membership List 


1967 Jan. 1, 


peak 1968 
load capability 
(MW) (MW) 
1 Canadian Crown Corporation: 
IMiEILOD ASL yCLo-EeCtriCtBOArd serena eh serac told te s siee ce eaend ed eis Rhee t sei buce heen le oats 1, 102 1, 416 
15 Investor-Owned Electric Utility Companies: 
eee REN CCRC MARIUS Oasis eee cis sete. vaste alia s\ate sie ane state let sig ld oi ela Sate hal ah 94 110 
litters taAtceLOW.Cla GO OnperenneE tna ern S ads Si ae one. Crees aco sire aioe ene 6a ery enatys oe 6 329 564 
fowosllectricemnioht@ec LOWE COs nite: tele 25 it sain ocho Go aint ols ui cia Aare Dds Bid 472 436 
lLowaclilinas Gay We Ta rere Gres es 59 4 cn of cas ob pe een Oe II SIGE Sine ne cee ec ee 452 415 
eo AME OVC tae SOME TO HCL CC Omer rieye cme Pere en tua th ech dicus chk (ene el Eye ph sls. fe cote Gree eule ses Gein, os 497 633 
Mien AMERT I CLS CLV CCE OO MRC IRIE eMC Eta eiryey ck evens Asve a he Ase es Has wale a giseny fe aycws 312 421 
lorwa, Sawidowraay Wieines- {Cree dis stm aeeee od eal eee saa nete Re RRO RS epi etre ee Fin ea ae 175 92 
eee MED EVIOMBEISITICE TOWEL GOK sirens, hla RN Se ls eal Sete we Ease 6k 6 yaa es we 91 108 
Re ANON CY AOD INOS eye PPE oe ots Nal is SEES 2 wie Gial antote 8 482 S11 
IMiamiames Del core) Walaa (OGG, aialeny 6-4 olga e005 case Ponee nO e MRESICnC Cis tars tre caer eens 157 207 
ENOLUMeLIIES CAaTCSEOWClEC.On ewer eine eke tens ayy sais, Seige whee Gard eae Site ange m2 7, BPS DDE 
Nigeimmcazan Pullite Sonstea Clon to oe og pais.n'e o ors ole Ooo Orr o.SiCIenns cata Gaetoe nar aI Rote emer: 98 His 
EN OTEKNVESLCLIIMUN, ISCONSINE CC LLICK CO mteeernm ey teenie oes eee ae eet ee ta oe poe ces 7 7 
Oreorm lal OwW Cli COMME TNE cine ned AAs sia Oe tame OE ee ORS ord nooo sea hes 192 280 
ROR MOMBEACCtIICLe OM REMY CLE E Ca Mays As SE eA ents Seon Mele eee 5A dw nea 8 AW Sn053 
iravestor-Ownecksubtotaleeem ware Werte wre eee Rn es nytt Sis segs «eG wears oe 8, 893 9, 142 
28 Municipal Electric Utilities: 
ACIP EID, IM MGTIO So Sw wrs:G FSO ISAS eee on INI Or cae eo ee Neudl , & 
PNCK ATIC LI AMEN 1INIICSOLAM ER ete MTR etc, iehone ns Hane EN: hee Sy Rie eigid Sesion a, elal a © 8.2 14.5 
ANTEGS, NOM dons af oe hailey elses Aiea sie Ii Se Aen tr ee ee Seen 6 eos at ac ee Pa Bg 25.4 2952 
AmistiinmeViinmesotas seates ane teens hets HeueTG als haters STL Seas Foy ee OT Mee ero Oe eat ced oa eee 20) 3552 
ec Armia Sem lOW cee Meee rt Wepca deem wees cept eNe cakl cpl Pomcan Rts a cues sigsae Se 22.6 1, 
Delano, Minnesotawe. ..- 4.2 Sh Ga ALE SS ORME 6 ERG ROD Pee IG DUS REL OG TES), Cone ero ere 2.4 2G 
Wetrormluakesm ViIrinesOtAmpree Raed we oes eget ners de Cite eee eerte set MUD whe eielie gh io oFern Fong UB 6.0 
ii aint am LT CSO CA Ree eae rere ta rein rattintrae eee nine ete A chee acacae sister mieis alec ctetereire ea atone De 74, (0) 
AIT OMe VLITLINCSOLA rst ater ne nl scot er aac bela e armncl oA ne eM MER Reta Suna Sabet seeyebcl eben» 15.0 25. 0 
Glencoe mVilnnesotasete west rite t i ee ets ris en ania See se Se aS aK et agen. a io 9.8 
Rania aeNON Attata NGA mev as Bes US Macc sity” COR stchapieh cn ei ayahel aud lob peg £ oladotie yg hls pabpbaiahedneinnd 14, 2 16. 4 
fete minis Ona WV MTIES OL Ams eR Aren meat iee taut on wiareire isto ales Ge Ses ue shane epee is 2) 9, os ahigPan SOK Sets 10. 9 1353 


MAPP Membership List—Continued 


peak 1968 
load capability 
(MW) (MW) 
28 Municipal Electric Utilities—Continued 
Kenyon; Minnés6taisly . 4s scamed coat heenis AUT AS eee Sees aise Pty a eter ey ae Wee Lo 
Lake, Grystal, Minnesota: ....cc24s\o0%< 15 oie iGehs bas STA Oe ee eR ee eal Duo 
Lincolu, Nebraska +: 54:4 scovsecags axe geal? Gem Ma evenntaael See tacty eae a aie eee 185. 0 9.0 
Madelia, Mirinesotal s.s-6:: a5. 6 cect @ aus nin cea Ss gee cate oiee gne yeaa sire eat a ore ea 2.8 ONG 
Marshall; ‘Minnesota: (i072 202 Se ita entrees anh, wren am Siete eae RPT en 9.1 7.0 
Melrose; Minriesota |... 3. .505.t STA) Ee, CORRE, AS SIE ion toe Pee ce ee D8 249 
Moorhead, Minnesota «iia Fittest: asad eile doe bem Gore aaee Mey ergot ee earserorgeane 23.0 24. 0 
Muscatine, Lowais is coe nie aie ola Blas iets Se pues A ee 42.8 DONS 
New: Ulin... Minnesotag dice agi ctor} Siem gba oct Mee ale cack nei eee re ee Wha 1 27.9 
Owatonna, Minnesota. ...isc-sc tots oo my so onde Bin ot inne co tien ete eee oc ee aa 14.6 18.0 
Redwood Falls, Minnesota. 15542140 uso cae cee nee ee eae ee 4.0 320 
Sleepy Eye, Minnesota’. 2 oe sss on egy «gga s e e aae ar al al 6. 2 
Virginia, Minnesota 216 10.05 cc 5 02 eo es eye eer eeh re ot nee gta eles etna 11.8 16.9 
Watertown, South Dakotas). :c. a whal sae - h-coa esta pasate oe WRI ae ee 12.0 8.0 
Windom, Mintiesota. 4.46 g.405%0hie 2&8 ps tige eka faeces tray ne aoe rr cee 4.1 Bn) 
Worthingtong Mainesota <<. 6. 5 sis folate as oi oh nee ei eee ed Cee 13.9 16.5 
Total's... Pe Miter 6 ne sels he aly aca Oe ee Oem cae POL CR eee eo 491.6 399. 3 
2 Public Power Districts: 
Consumers Public’ Power District. a5 a0 aereae cae koe cee ce er eae ee 400 120 
Omaha PublickPower District...) scr) (kn oe een re een eee 654 627 
Public‘subtotal ssewte: «ets Sees Sites «twist Ca cee one oer eae 1, 054 747 
8 Rural Electric G & T Cooperatives: 
Central Iowa Power’ Cooperative. O05. £0. ES ORs ae eee terete tee ote aan eit eta ERE 126 124 
Cooperative Power Association ).()5 15.944. au » 884 eee ae ciate oe 1s ere ee 196 11 
Corn: Belt Power Gooperative «oie A iso ey patina © oct cs oa re eae 100 116 
Dairyland Power Cooperatives. 4..'2 ). 2S. oes on ne ee eee 283 305 
Eastern Lowa Light: &. Powér Coop. sede cgeok nr sracts 9 28 oie ee he te nee 34 65 
Minnkota Power Cooperative, Ine. 0. fo 202 ca nn ac le ee sos cree ete re ete at 123 45 
Northern Mino Power Association: oom ona eine cea cae eee tere ee eee eee ae 58 83 
Rural Cooperative. Power: Assoc?’ dis. 2 sl. hss dias eae Spy fee a ee 99 150 
Rural stbtotal 5 ss, coc fscacas ooo be oghro: tao Fs GN ase Eo ee I Pe ee eee 1,019 899 


Missouri Basin Systems Group 


The Missouri Basin Systems Group was formally organized in January 1963. It is an operating power 
pool with a planning committee and operating committee, established under the Missouri Basin Pooling 
Agreement of which all members of MBSG are signatories. The Pooling Agreement established formal 
mechanisms for joint planning, and a Joint Transmission System to be added to and used by all 
Participating Systems as these are defined in the Pooling Agreement. 

The MBSG is composed of a large number of municipal electric systems, rural electric cooperatives 
and public power districts in eight states of the Missouri Basin, and the U.S. Bureau of Reclamation. 
A list of the members is attached to this memorandum. 

The Systems Group was organized to achieve joint, coordinated planning for the provision of the 
power generating and transmission facilities in a huge geographic region that are required to meet the 
steadily growing power needs of the members of the Group. To date, the primary source of power supply 
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for most members of the Systems Group has been the Bureau of Reclamation but their requirements 
are outrunning the Bureau’s supply of hydro power. Accordingly, it has been and will be increasingly 
necessary to add thermal generation to supplement the hydro available to the members of the Systems 
Group. The second principal purpose of the Systems Group is to provide for the coordinated operation 
on a pooled basis of the Federal hydro and thermal generation added to the Joint System. 


Requirements for Participation 


The members of the Systems Group consist of the U.S. Bureau of Reclamation and the rural electric 
cooperatives, municipal electric systems, public power districts and other agencies which, under Federal 
law, have first priority on the power offered for sale by the Department of Interior (Bureau of Reclamation). 
There has been discussion within the Planning Committee of the desirability of amending the terms under 
which the Systems Group is organized so that other interested electric utilities can become members of 
the Systems Group. At the present time, such utilities are welcome to participate in the Planning Com- 
mittee discussions if they wish to do so and to take part in all joint planning and other activities. Further, 
it appears that, if such other utility or utilities were to indicate positive interest in formal membership in 
the Systems Group, steps could be taken to make this possible. 


Organizational Structure 


The Systems Group has a chairman, vice-chairman, secretary and treasurer. These officers are elected 
annually, at the regular annual membership meeting of the Missouri Basin Systems Group. There are two 
major committees; the Planning Committee and the Operating Committee. The Systems Group has a 
full-time Executive Director and Staff Counsel, headquartered in Denver, Colorado. 

The Planning Committee consists of one representative designated by the Federal Government; 
a representative of each generation and transmission cooperative or similar organization; and one repre- 
sentative elected for each state jointly by all other Participating Systems in that state (including municipal 
systems) which are not otherwise represented. 


The general responsibilities of the Planning Committee are as follows: 


A. Investigate and make engineering studies concerning the location, size, time of installation, and/or 
engineering of thermal generating facilities, and make studies regarding the possible adjustments 
to the account of the Joint Transmission System for such locations of additional thermal units 
that may increase or decrease transmission costs, for the purpose of coordinating such installations 
for the maximum benefit of all the Participating Systems; 

B. Develop a coordinated area transmission plan and prepare and submit annually a study of the 
adequacy of the Joint Transmission System to carry the power requirements of the Group for the 
following three years; 

C. Determine the facilities to be included in the Joint Transmission System, as provided for in the 
Pooling Agreement; 

D. Investigate and make studies on other matters affecting the Joint Transmission System; 

E. Direct such studies as may be required by the above duties, making use when possible of existing 
engineering staffs of and studies by the Participating Systems, but as necessary directly employing 
consultants or other technical personnel; 

F. Establish, in conjunction with the owners and/or operators of such facilities, minimum operation 
and maintenance standards for the facilities included in the Joint Transmission System; 

G. Establish rules and regulations relating to economy energy transfers. 


Operating Committee 


The Operating Committee of the Missouri Basin Systems Group is responsible for pool operations. 
The Operating Committee consists of representatives of each system or group of systems operating or 
maintaining generating facilities or transmission facilities which are connected to the Joint Transmission 
System or are part of the Joint Transmission System. 
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In general, the Operating Committee establishes general guides relating to dispatching and other 
operating maters, makes operating studies where coordination or uniformity is necessary or desirable 
because of inter-system connections and transactions, determines reserve responsibilities of the parties 
from time to time, coordinates scheduled outages of generation facilities, determines the availability of 
surplus capacity in the Joint Transmission System for deliveries of economy energy, and such other pool 
operating responsibilities as may be assigned. 

At the present time, the membership of the Operating Committee consists of a representative of the 
U.S. Bureau of Reclamation and a representative of Basin Electric Power Cooperative. 


Subcommittees 


Under the Planning Committee, subcommittees are established from time to time to perform activities 
and develop recommendations to the Planning Committee on specific subjects. Among the existing sub- 
committees are the following: the Major Systems Studies Subcommittee; the Municipal Systems Sub- 
committee; the Transformation Subcommittee; and the Subcommittee on Joint System Additions. Five 
MBSG representatives participate in the Inter-System Coordinating Committee. Added to this list is the 
“Power Supply Subcommittee’? whose duties and recent activities is described on page 1V—C-43. 


Operation of the Missouri Basin Systems Group 


The operations of the Missouri Basin Systems Group are governed by the Missouri Basin Systems 
Group Pooling Agreement. This Agreement has been executed by all members of the Systems Group 
and sets forth in some detail the policies, procedures, voting representation and methods of arriving at 
decisions within the Systems Group. 

The Pooling Agreement states that the members of the Systems Group intend to coordinate their 
system planning and operation, to the extent each member finds it desirable and practicable to do so, 
for their mutual advantage and the public benefit, such coordination to include the following: 


A. Coordination of studies relating to the addition of generation and transmission facilities in the 
area ; 

B. Coordination and transmission services over the facilities of the members of the Systems Group, 
including the United States, the charges therefore and the policies governing such transmission; 

C. Coordination and maintenance of reserve generating and transmission capacity; and 

D. Coordination and the sales of surplus energy. 


As far as conduct of the business of the Systems Group is concerned, each signatory to the Pooling 
Agreement designates one representative to vote for it at all meetings of the Group. Generation and trans- 
mission cooperatives or similar organizations have one vote for each member distribution cooperative 
or member public power district. Independent distribution cooperatives, municipal electric systems, 
public power districts, and state agencies each have one vote, and the United States has one vote. The 
vote of the majority of such representatives present at a meeting of the Systems Group is deciding, except 
that none of the provisions in the Pooling Agreement can be changed by the decisions of any such meeting 
or in any other way except by amendments to the Pooling Agreement which are executed by the signa- 
tories. For a valid meeting of the Systems Group, fifty-one percent of the votes must be present. 

The Planning Committee arrives at decisions through votes of the duly designated representatives. As 
indicated above, the Planning Committee cannot change the procedures and policies provided for in the 
Pooling Agreement. 


Planning and Development of Facilities 


The planning of additional generation or transmission facilities to be connected to or added to the Joint 
System is done through the Major Systems Studies Subcommittee of the Planning Committee. This Sub- 
committee has conducted one major study and several subordinate ones in the past three and one-half 
years. The major study was the most comprehensive, detailed study ever made of the power needs and 
resources of the Missouri Basin Area to the year 1980. This is MBSG Study No. 134, and copies of it have 
been made available to the Federal Power Commission. 
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Additional studies have been made from time to time, including a study of the effects of adding a 
second thermal generating unit in the area of Stanton, North Dakota. 

The major study referred to above has provided the frame-work within which members of the Systems 
Group can develop plans for specific additions which they propose to make. 

In making such studies, load forecasts are obtained from all members of the Systems Group, plus 
load forecasts from other utilities in the area. Likewise, the members and other utilities are asked to indicate 
their plans for additional generation and transmission during the period under study. These data are used 
as the basis for joint engineering studies to ascertain the best alternative ways of adding generation and 
transmission to meet the forecasted future power requirements of the members. 

A member of the Systems Group proposing to add generation or major transmission is expected to 
bring his proposals and detailed engineering data to the Major Systems Studies Subcommittee for review 
and evaluation. The Subcommittee reports to the Planning Committee its recommendations, including 
whether the proposed facilities should be approved by the Planning Committee for inclusion in the Joint 
Transmission System or for connection to the Joint Transmission System. 

With respect to reserves, the Pooling Agreement provides that reserve capacity requirements will 
be pooled, and each system owning generation will be responsible for providing an equitable share of 
the total reserve capacity. It provides further that total reserve capacity shall be 10% of total hydro 
capacity required for load, plus 12% of total thermal capacity required for load. The division of reserve 
responsibility at any time is determined under the direction of the Operating Committee. Any proposal 
by a Systems Group member to add generation to the Joint System must include adequate provision for 
reserve capacity before it can be recommended by the Major Systems Studies Subcommittee or approved 
by the Planning Committee. 

Coordinated system stability studies are made annually by the Major Systems Studies Subcommittee 
and the findings reported to the Planning Committee and Systems Group. This annual study looks three 
years ahead to ascertain whether the Joint Transmission System will have adequate capacity and 
satisfactory stability for the three-year period. 


Operating Practices 


Under the Pooling Agreement, members of the Systems Group which are also Participating Systems 
in the Pool can exchange capacity and energy under the terms of the Pooling Agreement and the general 
supervision of the Operating Committee. 

The coordination of reserves, including spinning reserves, is provided for as indicated above. 

The coordination of maintenance is also performed by the members of the Operating Committee. 
The economic dispatch of energy is under the general supervision of the Operating Committee. 

Day-to-day operations are conducted by the Bureau of Reclamation’s control center at Watertown, 
South Dakota. The only participating system other than the Bureau at the present time is Basin Electric 
Power Cooperative. The 216,000 kw thermal generating unit of Basin Electric is tied in to the Watertown 
control center by appropriate communication facilities so that the power and energy from the thermal 
unit is dispatched out of Watertown along with the output of the Federal hydro plants on the Missouri 
River. The level of generation of this thermal unit is under the control of Watertown in the same way as 
is the production level of each of the hydro facilities owned by the Federal government, under energy 
marketing and interchange provisions which provide incentives to both parties to operate the thermal and 
the hydro units in the most economical manner. 


Power Supply Subcommittee 


This committee was assigned the responsibility of developing plans for bulk power supply and trans- 
mission that would serve the additional power needs of the majority of the members of the Missouri Basin 
Systems Group. A regional plan was developed which involved coordination between Basin Electric 
Power Cooperative, Consumers Public Power District and the United States Bureau of Reclamation 
with respect to timing of installation of generating facilities, purchase of hydro peaking capability and 
sharing of reserves. In view of the size of the proposed generating facilities, it was necessary to go outside 
the MBSG pool to secure backup for a portion of the Consumers proposed 800 mw nuclear unit. 
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Cvordination between the MAPP planning organization and the MBSG Planning Committee has 
been inadequate, as the transmission studies involving back-up for the 800 mw nuclear unit whose output 
will be used in both the Iowa Pool (MAPP) and the Nebraska system (MBSG) have been carried out 
separately by MAPP and MBSG. An area for significant coordination between MAPP and MBSG exists 
in the implementation of the regional power plan developed through the Missouri Basin Systems Group. 


MBSG MEMBER SYSTEMS 
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Harlan Municipal Utilities (includes Shelby)... . 
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Kennox Municipalelight: Plantae ieee 
Ie @pPowerm Cooperatyeerss +1 eee 
Manning, Municipal Light Plante ee 
ManillasViunieipals Power Plantae. eee 
Mapleton Municipal Electric Plant........... ‘ 
MilfordsVitmnicipalelive hist laiattenc syns en eee 
Northwest Iowa Power Cooperative............ 
City of Onawa (includes Blencoe).............. 
Oranee) Gitye Miumicipaly Uitilities seme een ee 
owneots alin deere sein ae ree ee 
‘own Of Primo laren ancl ae es ees 
Town of Remsen Municipal Utilities........... 
CitysottR ock’ Rapids... ue an sere ee ee 
Mowantot’S ab onne cei inias tty eed eee ee 
diownyotishelbys,(Seestarlan)) aan ee ee 
Cityzof Sibleyaancludes Bigelows)5 aia ine 
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sRowmlote Wal Wilea ke ena sa eae any oe) ae ere 
Woodbimes iio hte cca POW. CG namie tanta ne 
NORTH DAKOTA: 
Basin Electric Power Cooperative 
Cityok Cavalier, ey ae ae eee oe eee 
Central Power Electric Cooperative............ 
Dakotasehlectnie Cooperatiy canner er ereiae 
City of Grafton ee, sash oe ta ee eee es 
City Of FIAMEINSOU cu, oct Rowe ena aoe eee 
Gitysolebllls boron tee eee rere eer 
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NORTH DAKOTA—Continued 


City, of Hopes.is. tse echoed: ee) eee (3) 
City of Lakotayy i. cu cc. acters oe lee ee 1 
City of Maddock. 3. . ..<.. «os sums are (?) 
Mor-Gran-Sou Electric Cooperative............ 8 
Sharon Village Light & Power Department..... (3) 
Sheyenne Valley Electric Cooperative........... (2) 
City of Valley, Cityaa.. oe . 126 sae eee 8 
Verendrye Electric Cooperative (included in 
Central G &T) 


SOUTH DAKOTA: 


City of Aberdeen: 2... 2 2s oo oe eee 1 
City of Arlington. 22). 22) 1. 2 1 
Town of Badger: «s<.: -2,0%eh-qaehes oor (3) 
City--of Berestord’s2...) arg54 cs ye ote ee eee 1 
City of Big Stone. City... .. 000). 0a () 
City of Burkes fo... ss oe ee eee 1 
Cherry-Todd Electric Cooperative.............. 4 
East River Electric Power Cooperative.......... 135 
City of Elk: Poimt..0 3.40.5 an ee l 
City. of Estelline:,. 0. acc. octet 1 
City of Farth: 22.3 5.42.4. eee ee 1 
City: of Fort Prerres 1.25 5. ce 1 
Grand) Electric Cooperative. e eee 6 
Town: of Langford. 5.6. Jape. (3) 
City of Madison.....20..c00 2% ans cue eee ee 5 
Citysof Milléros, > 2s occ eee eee 2 
Moreau-Grand Electric Cooperative............ a 
City:of Parkers oi.210.0) 50 th Sc ee ee i 
Gity of Piemes «i scpos Lae haee etic ee 11 
Rushmore Electric Power Cooperative (includes 
Tri-County). ©. uc. <eecnus «ce oe 41 
City of Tyndall... 0. c.60 36 ee ee 1 
Gity of Vermillioniee 2-5 @e ae: aoe D 
City of Vol@at.ce igs Jhon td one es eee l 
Watertown Municipal Utility Board............ 12 
City, of Wessing ton) Springs asm sei eee ] 


KANSAS: 


Flint Hills Rural Electric Cooperative.......... 9 
Kansas Electric Cooperative... 725002. eee (2) 


MINNESOTA: 


CitygoftAlexandria.... 4.7 564 fh oe ee 8 
Village oftBrewsters.. 2. 1 oe Cy 
Town*of Elbow baket rs...) oe eee 1 
Villagejof-Baiwrfaxt.ns8 Ah « Sok aes ee ] 
Village of Grove City (see Litchfield). 
Willage of Flemming vtec espera tea 
City of Jackson (Gncludes Alpha) )s.. .o..@s aoe 3 
Wakefield@PublicnWiiliticsee: warm se l 
8 


See footnotes at end of table. 
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MBSG MEMBER SYSTEMS—Continued 


1967 
peak 
loads 

(MW) 
MINNESOTA—Continued 
DECLEDLEITOSC St Pos ee eee ede! 3 
Minnesota Valley Cooperative. .... MM tatoo), iby, 
Mountain Lake Municipal Utilities............. 2 
Public; Witlities Commission...........-.....«.- (2) 


envine-sibley Cooperative. ............0..5.> 7 
Pea OI GSIC DICH a. cscs oy Gc eine clive vaca 1 
Demme er ELVIET inte lea eee lu bea cee ] 
Bemteerar MV Amend watts. 128 1. a. 4 
Westbrook Municipal Light & Power........... ] 


1967 
peak 
loads 
(MW) 

MONTANA—Continued 
pier smsouriG Sr. DH hs Je oe ker yO! 45 
Yellowstone Valley Electric Cooperative........ (1, 5) 
NEBRASKA: 
Beatrice Board of Public Works (12 included 

WNGELENI PRES) Serene foe eee Be nat ae 3 

Board of Regents, University of Nebraska....... 11 

Wallaretor Calaway iirc. sas whescades osha od cas ) 

Ary sO Cran iStaNC ener ake ee eh eo ne ses 40 

GityroldNebraskarGitvcr sr: suk aes ht vices ee 12 

Nebraska Department of Public Institutions... . . 4 

Nebraska Publie PoweriSystems 92 s0...15.5. 4000. (7) 
The Central Nebraska Public Power & Irriga- 

{ELOLIWBO TELE ong trchs ces ore OF oF Ooo ACRE een Bee (7) 
Platte Valley Public Power & Irrigation Dist.. (7) 
IL@pie Innere JE lire Jews? IDR asacacooomese (7) 
INiebrask al ects Gem Coie lie eee (7) 


MBSG MEMBERS—Generation Data 


MONTANA: 
pier ioe Piccivic Cooperative... ... 6.5... eos. s (1,4) 
Central Montana G & T (partially served by 
Coo. casero light a alge ee Sa a 132 
manlmounty Electric Cooperative). $.06....060.. (1, 5) 
McCone Electric Cooperative (Mosby only). .... (ar 2208) 
Marias River Electric Cooperative............. (1, 4) 
PERE NCCEIIC CLOOPELAUlVGs coins csc n ise vee aes (i, 5) 
Capability 
(MW) 
Generation 
Resepureay of Reclamation...: 2.0.05. .000.. 5005+ 2, 048 
Bormabert: Power Cooperative. 6 <5... sce cies 116 
Central Power Electric Cooperative.............. 38 
BMAP CULES oon ee eee sto as a sees Gas 8 8 205 
Basin Electric Power Cooperative................ 216 


1 Not in FPC Regions 26 or 27. 
2 Information not available. 
3 System peak of less than 500 KW. 


Nebraska Public Power System 


4 Included in CMG &T. 

5 Partially included in CMG &T—remainder furnished 
by MPC. 

6 Total load furnished by MPC. 

7 Refer to Coordinated Planning and Development— 
Appendix A; Page 2. 

8 Total generation of MBSG member municipals. 


Norte.—All load data shown is at load. 


Nebraska Public Power System coordinates and dispatches the operation of the generation and trans- 
mission facilities of the following entities in east-central Nebraska: 


Loup River Public Power District 


Platte Valley Public Power and Irrigation District 
The Central Nebraska Public Power and Irrigation District 


Consumers Public Power District 


In addition, Nebraska Public Power System serves as the control area utility for the following munici- 


pals and State agencies: 


Village of Arnold 
City of Auburn 
Village of Blue Hill 
City of Broken Bow 
Village of Callaway 
City of Curtis 
Village of Deshler 
Village of DeWitt 
City of Fairbury 
City of Grand Island 
City of Hastings 


City of Nebraska City 
City of Schuyler 

City of West Point 
Village of Winside 

City of Wisner 

City of Wahoo 
University of Nebraska 
State Home—Beatrice 
State Hospital—Hastings 
State Hospital—Norfolk 
State Penitentiary—Lincoln 
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Nebraska Public Power System has participated in coordinated planning and operation with adjoining 
systems since 1941 when the outstate Nebraska systems were interconnected with Nebraska Power Company 
(now Omaha Public Power District) and other utilities in the region. 

Nebraska Public Power System is a member of the Southwest Regional Group of the Interconnected 
Systems Group. NPPS is also an associate member of the Southwest Power Pool and follows the recom- 
mended operating practices of the Southwest Regional Group and the Interconnected Systems Group. 
This arrangement is not a contractual obligation but is a means of voluntary participation in the co- 
ordinated activities of these groups in the region. 

Through the membership of Loup River Public Power District and Platte Valley Public Power and 
Irrigation District NPPS participates in the activities of the Missouri Basin Systems Group. Nebraska 
Public Power System has interconnection agreements with Omaha Public Power District and the United 
States Bureau of Reclamation and is currently participating in coordination and planning which will 
integrate NPPS—USBR—Basin Electric operations in the region to effectively utilize the peaking capability 
of the Missouri River Main Stem hydro plants to meet the seasonal load diversity in the region. 

NPPS also has interconnection agreements with the cities of Fairbury, Grand Island, Hastings and 
Wahoo, Nebraska, which provide for Reserve Interchange Service, Emergency Service, Economy Inter- 
change Service, and related operating arrangements. 

The joint operations with the above entities requires definition of control area responsibilities, coordi- 
nation of reserves, including spinning reserves and regulating capacity, coordinated maintenance schedules 
together with annual review of load and capacity requirements. 

The dispatching of the generation and transmission facilities within reliability and contract limitations, 
permits effective and economic use of low cost generation as well as exchanges of capacity and energy 
within the control area and with adjacent utility systems in the region. 


Upper Mississippi Valley Power Pool 


1. Type of Organization: 


The UMVPP is a planning and operating pool that carries out coordination under a formal 
agreement. 


2-3. History of Development and List of Members: 


The pool agreement became effective on Feb. 10, 1961, with six participating utilities as 


follows: 
Peak Loads Jan. 1, 1968 
1967 Capability 
(MW) (MW) 
Dairyland Power Cooperative (DPC). 22 a2 oncaaieaaeiee se ene eee tee ee 283 305 
Minnesota Power: ;, eighty Gorm (VER ey1n)) 5 ewe ee ae a 482 511 
Noxrthernistates Rowen Com (Min) Fane (VVises) CN Se) ney DoS Das? 
Interstate’ Power" Cow) 4ec 5 spe ease ce ene eee ee ee 329 564 
Otter Tail’Power Con.(O PP) ooo cs er cnc ornate tee ee ee eee 192 280 
The original pooling agreement has been amended to provide fer memberships of eight 

additional! utilities as follows: 
July 1962—R ural ‘Cooperative Power Assos (RCRA Wire ee eee ee 99 150 
Dees 1962—Lake Superior District Power Goa(LSDP) 2.4.5... ee eee 91 108 
Sept: 1963—=Minnkota Power Cooperative (MIP GCG), panies ee eet eee 123 45 
Dec: 1963-= Cooperative.Power Asso: (CPA) coe.) soreness ee ee 196 1h 
Auge 1964——Northern: Minn. Powex*Asso; (NMPA) soc 5 ee, oe 58 83 
Aug. 1964—United: Power) Assoz (GPA) 3 oo: ee a her ee 1158 
May sl905——Noxthwesternseublictservices Gou(NiVVIES) seria ne 98 78) 
May '1965=Montana-Dakota: Uitilimes:Co. (MDU) 2s oo ain | eee ee 157 207 

Potalesriee 9 h.e save nse denen nog peels Soules data aoe eRe, tec: ee 4, 431 4, 727 


1 Included in RCPA and NMPA totals. 
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Northern States Power Company (Wisc) is a wholly-owned subsidiary of NSP (Minn) and 
these two corporations are represented as a single entity for purposes of coordination under the 
pool agreement. Similarly UPA is a corporation formed by RCPA and NMPA to provide certain 
generation and transmission facilities and its participation under the pooling agreement is restricted 
to operations and power transactions associated with those facilities. 


. Requirements for Participation: 


The pool agreement contains no specific requirements for membership. Its preamble para- 
graphs establish that the participants are: engaged in the business of generating and transmitting 
electric energy, operate in contiguous areas with their systems either interconnected or planned 
to be interconnected, and recognize the mutual benefits of coordinated planning and operation. 


. Organization Structure: 

The pool agreement is administered by two separate committees, the Planning Committee 
and the Operating Committee. Each participant is represented on both committees. In addition, 
each participant designates an executive officer who represents his utility in an established proce- 
dure for review of all recommendations and determinations of both committees. 

Each of the committees elects a chairman annually. The chairman appoints such other 
officers as are deemed necessary by the committee. 

The Planning Committee has the broad assignment to carry out or coordinate engineering 
studies required to develop recommendations for new generating units and transmission facilities 
in the pool. By way of more specific assignments, it is responsible for development of load forecasts, 
review of generating reserve requirements, establishment of accredited generation capabilities 
and scheduling of capacity sales and purchases among the participants in connection with stagger- 
ing of generator additions. 

The Operating Committee is responsible for development and administration of operating 
practices that will provide optimum operating economy consistent with high reliability of service. 
Specific areas of operating coordination cited in the pool agreement are spinning reserve, main- 
tenance outages, economy energy transactions, short term load forecasts, determination of inter- 
change energy costs and transmission system operating studies. 

An affirmative two-thirds majority vote is required to authorize any determination or recom- 
mendations of either committee. Further, all such actions of the committees must be referred to 
the designated executive officers for a review procedure that permits any participant to protest a 
committee decision and ultimately invoke the arbitration provision of the pool agreement if 
necessary to resolve the problem. The authority of the committees and scope of the arbitration 
clause are expressly limited to the extent that this two-thirds majority voting procedure will not 
require any participant to install facilities, postpone scheduled maintenance, or accept an amend- 
ment to the pool agreement. 


. Practices in Planning and Development of Facilities 

(a) Coordinated load projections: The Planning Committee maintains a 10 to 15 year forecast 
of summer and winter peak loads for each participant and the combined pool. Although the 
members exchange data on growth trends and review forecasting procedures, the ultimate 
responsibility for load estimates remains with the individual utilities. 

(b) Coordinated planning for reserves: Currently each participant is required to maintain reserve 
capacity of at least 12% of its annual peak load. This is subject to change by recommendation 
of the Planning Committee. The Planning Committee’s-evaluations of pool reserve require- 
ments have been based on calculated probabilities of capacity loss, accuracy of load forecasts 
and needs for spare capacity to accommodate generator maintenance. 

(c) Coordinated system stability studies: At present generation capacity is quite evenly distributed 
with respect to loads within the pool and there is no heavy transmission over long distances. 
As a result, transient stability has not been a major consideration in design of the present 
system. In recent years the pool has participated in a number of stability studies in connection 
with planning for future facilities. These studies include systems well beyond the pool borders 


IIJ—2-93 


and the UMVPP involvement has been in the form of participation in studies that are pri- 
marily under the sponsorship of other organizations such as MAPP, MAIN, and the Bureau 
of Reclamation. 

(d) Joint or staggered participation in facilities development: This item covers the principal 
activities of the Planning Committee. Coordinated planning efforts are directed toward 
consolidating load growth requirements for supply from large economical generating units 
consistent with reliability considerations and additional transmission costs for power distri- 
bution from larger concentrations of capacity. In addition to coordinating engineering 
work behind this generator staggering program, the Planning Committee handles arrange- 
ments for the associated power sales and purchases under rate schedules of the pool agreement. 

The effectiveness of coordinated generation planning in the UMVPP is demonstrated 
by the tabulation below which compares the sizes of base load generators now under con- 
struction with annual peak loads in the owner’s systems at the time of the installations. 


Generator size 


Year Percent of 
Megawatts owners peak 
load 
li aes siete NERA tah BARE RL RI Be PERO AT eer eee. Se ae 158 113 
5 Pes aad famard eh t pene ers lew ets ook bd cores Pe pierre aees aed ee eee penne 216 ay 
Le eee MET TNT Nie MOO Fir meen eae Arh ae ee a 580 23 
Le re ere ES BO Min ae SR Se 325 105 
1 A arr a Se RARE, Si REO hs UN I PI St ne ona Ni ieee Meise ang AOS Sys 500 17 
sw igi aies dove g Siw pape BARU (ee Bs ho mice ip Apa crc alae Pca fo ek gn 212 130 


With regard to transmission facilities, a majority of the lines recently completed or new being 
constructed in the pool area represent joint development. In general, costs of these projects are 
shared by division of ownership among the utilities operating in the area of the individual lines. 

7. Operating Practices: 


(a) Exchange of capacity and energy: The pool agreement contains rate schedules for the various 
capacity and energy transactions contemplated thereunder as follows: 


Participation Power Interchange Service. 

Seasonal Participation Power Interchange Service. 
Emergency and Scheduled Outage Interchange Service. 
Spinning Reserve Interchange Service. 

Economy Energy Interchange Service. 

Wheeling Services and Losses. 

Operational Control Energy Interchange Service. 
Peaking Power Interchange Service. 

Short Term Power Interchange Service. 

. Firm Power Interchange Service. 


CHNAORWBNHS 


key 
S 


Schedules A, B, H, I, and J are primarily administered by the Planning Committee in con- 
nection with its responsibilities for coordinated generation planning and sharing of reserves as 
previously discussed. 

The remaining service schedules are primarily used by the Operating Committee in carrying 
on day-by-day coordination as discussed under the remaining sub sections of this item 7. Service 
Schedule F provides for transmission service between participants whose systems are not directly 
connected to each other and hence is essentially a supplement to all of the other schedules for this 
special situation. 
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(6) Coordination of spinning reserves: A minimum pool spinning reserve equal to the largest 


(c) 


(d) 


unit in operation is presently required. This amount of spinning reserve is allocated among 
the interconnected participants on the basis of largest unit in each system and its annual 
peak load, equal weight being given to each of these two factors. The Operating Committee 


' designates the system control center of one member utility to act as the Spinning Reserve 


Coordination Office.. That office monitors spinning reserve scheduling and assists in arrange- 
ments for transactions under Service Schedule D when appropriate. 

Leased line teletype communications between individual member dispatching offices 
are used extensively in carrying out close coordination on spinning reserve and other functions 
of the Operating Committee. These facilities are arranged for office-to-office contacts or mul- 
tiple addressing to all other offices by any one member. 

Coordination of maintenance: The Operating Committee maintains an 18-month projection 
of load-capacity data for use in coordinating maintenance outage at their quarterly meetings. 
Again, however, one of the utilities is designated as Maintenance Coordinator to provide 
continuous coordination. 

Economic dispatch: Economic scheduling of energy production among the pool generating 
plants is carried out through the use of Service Schedule E—Economy Energy Interchange 
Service. For the most part, this is handled by daily exchanges of estimated system power 
production costs for the following day (or weekend) over the teletype network. On any day, 
transactions are first scheduled between the systems with highest and lowest costs, then be- 
tween the two systems of next largest cost spread, etc. 

Olivine poolmsystems, DPCMISP; LSDP, -MP.&UyNSP)\.OTP, RCPA; and UPA-each 
have tie line load control equipment. 
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Letter of Transmittal 


The West Regional Advisory Committee submits this report to the Federal Power 
Commission to assist in updating the National Power Survey. The report, consisting of 
a summary and appended subcommittee reports, represents the concentrated study of 
a number of important subjects underlying the region’s future power supply for the 
1970-1990 period. 

The studies and investigations which covered approximately two and a half years 
resulted in the compilation of subcommittee reports on Future Power Requirements, 
Fuels, Generation, Transmission, and Coordinated Planning and Development. 

Based on the subcommittee studies, the committee as a whole prepared a summary 
of the salient points developed by the various subcommittees. The summary includes 
digests of the specialized subcommittee reports. 

The summary report contains a foreword section in which certain general con- 
clusions are expressed. The foreword is an integral part of the report and represents 
the West Regional Advisory Committee’s definition and evaluation of some broad 
general factors which will significantly affect the utility industry in the West during the 
next twenty years. 

The Committee expresses its appreciation to the many individuals that have 
contributed to this report. Members on task forces and subcommittees responsible for 
this work appear in the section on Memberships. 

THe WEsT REGIONAL ApvIsORY COMMITTEE 
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FOREWORD 


The section of the United States which comprises the West Region is one of the 
most dynamic areas in the United States. The rate of growth in much of the area 
exceeds that of the rest of the nation. The utilities serving this area are justifiably proud 
of their performance in keeping pace with the region’s power requirements in past 
years and of their demonstrated ability to provide power at the lowest reasonable cost 
and in the highest order of reliability. These utilities are dedicated to continue to serve 
the public in an equally efficient and effective manner in the future. 

To meet the projected 1990 requirements for bulk power supply, the region’s 
utilities will need to invest several billion dollars in additional generating and trans- 


mission facilities. It is estimated that the regional loads will increase from 54,000 ~ 


megawatts in 1970 to 216,000 megawatts in 1990. Its resources will increase from 
66,700 megawatts in 1970 to 254,000 megawatts in 1990. The composition of the 
generating systems will change from 52 percent thermal in 1970 to 74 percent thermal 
in 1990. To effect an orderly transition from a system dominated by hydroelectric 
facilities to one dominated by thermal facilities, and to make the best use of the 
additional investment in generating and transmission plant contemplated by the 
report will require a high degree of coordinated planning among the region’s utilities. 
One of the principal factors which the utilities will consider as they plan for the future 
is bulk power supply reliability. Utilities in the region intend to pursue such coordina- 
tion of planning and to work toward effective pooling of regional resources. 

Projections of loads for the next twenty years should not be considered as precise 
forecasts. The wide range of variables which affect load growth cannot accurately 
be predicted and the load and resource levels estimated for 1990 should be considered 
as orders of magnitude only. 

It is the industry’s intention to continue to provide power in sufficient quantity 
and at the lowest reasonable cost. It should clearly be understood, however, that a 
number of factors external to the operation of the utilities may have a greater effect on 
costs than those internal factors which the industry can control. Controllable factors 
which have a tendency to reduce unit costs of power and energy include mechanization, 
installation of large generating units, strong interconnections, coordinated operation, 
power pooling and joint planning. Factors outside the industry which tend to offset 
lower unit costs are inflation, rising costs of money, and the growing and persistent 
desires of our society relating to environmental quality control. It is no longer adequate 
for the industry to provide only high quality service of utmost dependability and at the 
lowest reasonable cost—standards which the utility industry has met in the past. It 
is now necessary to recognize that society requires these standards, plus an avoidance of 
air and water pollution, establishment of recreational facilities, recognition of esthetic 
values in design of utility plant and preservation of the natural beauty of undeveloped 
areas. 

Meeting these new requirements has a substantial price tag, but one which 
cannot be quantified at this time. We can be sure, however, that additional costs will 
be imposed upon the industry. It is unrealistic to assume that technological improve- 
ments can fully offset additional costs imposed by external pressures. The West Region, 
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therefore, does not project a decrease in the cost of power over the twenty-year period. 
The region’s utilities, however, will continue to emphasize their efforts to obtain 
economies wherever possible in order to minimize the upward pressure on cost of 
energy. 

Tue WEstT REGIONAL ADVISORY COMMITTEE 
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THE FUTURE OF POWER IN THE WEST REGION 


Fully one-third of the contiguous United States 
lies within what has been designated for this study 
by the FPC as the West Region.’ Because this region 
covers such a large area, it cannot be simply char- 
acterized in terms of climate, geology, economy, or 
sociology. Power systems have been developed 
which strongly reflect the heterogeneous character 
of the region. The pictorial maps which follow pro- 
vide a rapid means of obtaining an overall view of 
the items of importance to the existing and projected 
power requirements and development. 

Existing load centers in the region are shown in 
Figure 1. The proportionate sizes of the loads at 
load centers are expected to be about the same in 
1990. The estimated loads for 1970 are 54,035 
megawatts and 307,759 gigawatthours. By 1990 they 
will quadruple to 216,420 megawatts and 1,232,800 


* Includes portions of FPC regions, V, VI, VII & VIII. 


Figure 1 
Load Centers of the West Region 


gigawatthours. The large loads along the Pacific 
Coast and the long distances between load centers 
are key characteristics. 

Figure 2 shows the distribution of the region’s nat- 
ural resources available for the production of elec- 
tricity and indicates the three subregion study areas 
used by the Fuels Task Force in its report. The 
variety and non-uniform distribution of natural re- 
sources are of significance to the economics of elec- 
tric generation installed and projected for the region. 

The pattern of generation for the region is ex- 
pected to change significantly between 1970 and 
1990. Symbols shown on Figures 3 and 4 signify 
installations of hydro, fossil-fueled, and nuclear- 
fueled capacity for 1970 and a possible mix of gen- 
eration for 1990. Comparison of the two maps 
clearly demonstrates the projected large increase in 
nuclear-fueled capacity along the coast and serves 
to emphasize the expected change in power de- 
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Natural Resources of the West Region for Electric Generation. 


velopment in the region. In 1970 nuclear-fueled 
capacity represents less than 2 percent of the 66,700 
megawatts of installed capacity. However, by 1990 
it represents over 40 percent of the projected in- 
stalled capacity of 254,000 megawatts. 

The appended Generation and Transmission re- 
ports divide the region into four study areas—M, 
N, O, and P—shown in Figures 3 and 4. 

The integration of the region’s loads and resources 
has required the installation of many miles of trans- 
mission lines. The 1970 level of transmission is shown 
below on Figure 5. It shows what is often referred 


. to as the Western Loop which encircles Nevada. 


There will be a significant difference in intertie 
capability between the eastern and western sides of 
the loop in the early 1970’s. The 1990 level of trans- 
mission, Figure 6, shows in particular new lines 
which reinforce the overall loop. Maps showing 


additional detail of transmission patterns can be 
found in the Subcommittee Report on Transmis- 
sion. Long distances between load centers and gen- 
eration, loading of interties between systems, and the 
differences in intertie capability require continuing 
detailed study and analysis of proposed facilities and 
power transfers in order to maintain reliability of 
the interconnected systems. 

Western utilities individually and _ collectively 
have studied how to make the best use of the variety 
of resources available to the region. Prime considera- 
tion has been given to the reliability of the bulk 
power supply from both a generation and transmis- 
sion standpoint. 

Subregional coordinated planning of generation 
and transmission has permitted generating utilities 
to share in responsibilities and gain the benefits of 
pooling through joint ownership of large generating 
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units, coordinated timing of units and scheduling 
of overhaul to take advantage of internal seasonal 
load diversity, and sharing of pooled reserves. Those 
without generation have received such benefits 
through appropriate wholesale (for resale) rates. 

It may be possible in the future to reduce further 
generating reserves on a regional basis by utilizing 
any incremental benefits in load diversity and 
regional reserve pooling. However, a prudent atmos- 
phere of caution with regard to reduction in gen- 
eration reserves has prevailed during the early pe- 
riod of regional pooling and coordination to avoid 
possible reserve deficiencies which might result from 
overestimating or double counting of pooling bene- 
fits. An EEI report on Load Diversity published in 
December 1968 describes the complex studies re- 
quired to evaluate the extent to which diversity of 
loads between systems can be used to reduce or 
defer generation. Regional and subregional coordi- 
nation efforts to obtain the benefits of pooling re- 


quire detailed analysis of alternative transmission 
and generation developments. 

Transmission planners have recently enlarged and 
made more sophisticated their computer programs 
for load flow and stability studies of the Western 
Loop. These programs have been used to deter- 
mine tie line capabilities under various conditions 
of loads and generation. 

Generation planners have developed special re- 
liability programs using advanced probability tech- 
niques to study potential reserve reductions for 
pooled operation which reflect interconnection 
capacities. 

The hypothetical example diagrammed in Figure 
7 shows why in many cases the usual assumption of 
‘“anfinite” capacity interconnections cannot be made. 
The numbers represent units of capacity or demand. 

With the tie line loading assumed, Area B has 
a very limited potential for reducing its reserve. 
Situations similar to this diagram can be found 
distances or geographic 


where considerable 
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Electric Transmission in the West Region 
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boundaries separate large systems or power pools 
which often possess internally very strong trans- 
mission grids of their own. 

Simply stated, an area which loads a tie line with 
imported power cannot use the loaded capacity of 
that tie for reserve support. 

On a regional basis excellent progress is being 
made in coordination of planning and development 
of power systems under the leadership of the West- 
ern Systems Coordinating Council. Load, resource, 
and transmission data are now being exchanged by 
utilities throughout the region on the broadest scale 
ever. With this greater availability of data, more 
detailed analyses of possible additional benefits of 
load diversity and regional pooling of reserves are 
being undertaken. 

Summaries of the reports on Power Requirements, 
Fuels, Generation, Transmission, and Coordinated 
Planning and Development follow in the order indi- 
cated. They extract the most important considera- 
tions from, and provide a good reference to, the 
material covered by the appended subcommittee 
reports. 


Future Power Requirements 
General 


The estimated future power requirements for the 
West Region were developed from the projected 
power requirements of the 13 Western Power Sup- 
ply Areas (PSA). The projections were based on 
trends of load growth supplemented by analyses of 
factors within each PSA. They were developed by 
the FPC San Francisco and Fort Worth Regional 
Office staffs in cooperation with a utility task force. 
They were approved by the West Region Advisory 
Committee at its ninth meeting, October 4, 1967, 
following review and revisions of initial estimates 
submitted to the Committee. Figure 8 shows the area 
included in the West Region and indicates the FPC 
Power Supply Areas. 

The present estimate of West Region future 
power requirements indicates a growth rate greater 
than that shown in the 1964 National Power Survey. 
This increased rate of growth follows a trend simi- 
lar to that of the total electric energy growth in 
the contiguous United States. In 1965 the energy 
requirements of the West Region amounted to 
about 20% of the total for the nation. In 1990 the 
percentage is expected to be about 21%. 


Figure 8. The West Regions With Power Supply Areas 
Indicated. 


Annual and Seasonal Power Requirements 


Total energy requirements for the West Region 
in 1965 were 212,550 gwh with a corresponding 
peak demand of 37,545 mw, and a load factor-of, 
64.6%. For 1990 these are estimated at 1,232,800 
gwh, 216,420 mw, and a load factor of 65.0%. 
Over this 25-year period this represents an energy 


growth of 5.8 times and an average compound rate 


of growth of 7.3%. 

The West Region’s area, covering more than one- 
third of the contiguous United States, includes sea- 
coast, mountainous, and desert areas. All types of 
weather and economic conditions are experienced. 
Thus wide differences in power usage are experi- 
enced now and are to be expected in the future. 
These differences in power requirements result in 
some peak load diversity. In 1965 the summer peaks 
occurred in June, July, or August and the winter 
peaks occurred in December or January. Similarly, 
the future summer and winter peaks may be ex- 
pected to occur in these same months. 

The ratio of recorded minimum monthly peak 
to annual peak for the total West Region was 89% 
in 1960 and is estimated to be 87% in 1990 with 
December continuing to be the peak month (calen- 
dar year basis). 


Principal Load Centers 


The tremendous growth of the electric power 
industry in the decades ahead presents a contin- 
uing opportunity for the industry to expand its 
power systems to take advantage of potential eco- 
nomies in planning future electric power facilities. 
Familiarity with the distribution and concentration 
of loads and power needs is important in system 
planning studies of generation and transmission fa- 
cilities. Load centers are generally key points on 
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‘backbone transmission networks and influence the 


locating of new generating facilities. 

A wide variation in load concentration is indi- 
cated in the West Region with about 70% of the 
1970 load estimated to be concentrated in the areas 
along the Pacific Coast. This percentage is expected 
to increase to about 72% by 1990 when almost one- 
half of the total West Region load is expected to 
be in California. The areas of heavier load con- 
centration encircle the State of Nevada in a pattern 
corresponding to the Western loop formed by the 
main backbone transmission networks in the West 
Region. 


Classified Sales 


An analysis of projected load growth by major 
use categories gives an indication of the individual 
area’s and Region’s economy as well as the direction 
of future growth. These major use categories are 
broadly defined as rural and residential, commer- 
cial, industrial, and all other. Past and estimated 
future energy requirements by class of service for 
PSA’s and the West Region were developed to 
1990. Although it is difficult to predict with assur- 
ance the development of new products and their 
estimated power requirements in long-range projec- 
tions, the effect of new uses of electric power is 
reflected throughout these projections. 

The industrial load classification was the largest 
use category in 1965, accounting for 72,600 giga- 
watt-hours (over 34% of the total West Region 
use). Through 1990 it will continue to be the largest 
use category, maintaining about the same percentage 
relationship (34.4%) to the total. For the total 
West Region, the percentage use of the rural and 
residential class of service is expected to decrease 
from 30.3% to 28.2% from 1965 to 1990. The com- 
mercial class is also estimated to decline in its per- 
centage share from 20.3% to 18.9%. Losses are 
expected to remain at about 10% of the load. The 
remainder, Street and Highway Lighting, Electrified 
Transportation and All Others constitutes 5.4% of 
total energy requirements in 1965, but due to a 
marked increase forecast for the All Other classi- 
fication, energy for this remaining group will be 
8.3% of the 1990 West total. 


Utility Load Curves 


A utility’s load curve, a chart showing the power 
supplied plotted against the time of occurrence, il- 


lustrates the varying magnitude of the utility’s power 
demands over a certain period of time. 

A typical West Region summer load curve ? has 
two separate peaks, with the system peak occurring 
between 1:00 and 2:00 p.m. and with the secondary 
peak between 7:00 and 8:00 p.m. due to the early 
evening residential loads. A typical winter load 
curve ’ also has two separate peaks with the evening 
peak load considerably greater than the mid-morn- 


ing peak. A smooth curve, indicating high demands - 


over a long period of time, is typical of the summer 
peak while the winter peak is sharp and of short 
duration. 


Energy Supply and Demand 


The West Region utilizes a complex mix of 
energy sources for electrical power generation. 
Hydroelectric generation has satisfied most of the 


electrical power requirements of the West Region _ 


in the past, and is expected to continue to grow in 
absolute amount, particularly in the Northwest 
Subregion, throughout the forecast period. How- 


_ ever, thermal generation is projected to exceed 


hydro generation before 1975, and assume an ever 
increasing share of the total load thereafter. This 
projection is based on a survey of West Region 
utilities, which collected historical data and indi- 
vidual utilities’ projections to the year 1990 on the 
distribution, production, and consumption of fuels, 


- particularly as they are used for the generation of 


electric power. The principal findings of the survey 
for the Region as a whole are summarized in tabular 
form in Figure 9. 

The survey disclosed that by 1990, total use of 
raw energy in the West Region compared with 1970 
is expected to more than double. This growing 
demand will require an input for all uses including 
electric generation of 22,608 trillion BTU’s in 1990 
as compared with 10,721 trillion BTU’s in 1970. 
Electric generation will increase four-fold and pro- 
duction of electricity by thermal plants will increase 
by a factor of about 7. 

Oil and gas have been the fuels used for a major 
portion of the Region’s thermal generation; how- 
ever, coal and nuclear-fueled plants are expected to 
satisfy the bulk of the increase in generation after 
1970. Most of the nuclear generation will be in- 
stalled in California and the Northwest Subregions. 


2See figures 4 and 5 in the appended Future Power 
Requirements Subcommittee Report. 
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Coal fired plants will be built outside the California 
Subregion, but about half of the future increase in 
coal generation in the Rocky Mountain Subregion 
will serve loads in California. 

In addition to the economic aspects of alternative 
fuel selections, governmental and regulatory agency 
policy at the Federal, State and Local levels—in 
relation to air and water pollution control, water 
utilization, natural gas regulation, oil imports con- 
trol, nuclear plant siting, electric systems reliability 


and energy policy coordination—have a profound 
influence in shaping the Region’s fuel mix. For 
example, air pollution control considerations have 
forced utilities in Southern California to substitute 
premium-priced, foreign low-sulfur fuel oils for 
domestic residual fuel oils and substantially limit the 
future use of coal fuel within the state. The limited 
availability of water for thermal power plant use 
in the Southwest portion of the Rocky Mountain 
Subregion may limit the amount of new coal-fired 
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generation which can be installed to utilize the 
substantial, low-priced coal reserves available in 
that area. Delays experienced in obtaining site ap- 
provals for nuclear power plants have required some 
utilities to delay scheduling the construction of such 
facilities and in their place construct additional 
fossil-fueled facilities. 

By the mid 1970’s the use of natural gas for elec- 
tric generation in the West Region is expected to 
begin a proportionate decline as a result of supply 
and pricing factors. The net internal supply of gas 
is below demand, and it is increasingly necessary to 
import gas from Canada and Texas. Projections 
suggest that annual consumption may exceed annual 
additions to natural gas reserves available to the 
West Region by about 1985. 

Requirements for fuel oil for electric generation 
in the West Region are expected to more than 
double to about 50 million barrels by 1975 and, even 
though total oil and gas fuel requirements are pro- 
jected to decline thereafter, oil demand should re- 
main relatively constant through 1990 because of 
the projected decline in natural gas availability. 

The bulk of the fuel oil used in the West Region 
is confined to the California Subregion and is con- 
sumed during periods when the natural gas supply 
is interrupted by the gas utility suppliers to serve 
higher priority customers. Several large utilities in 
California have switched from the use of con- 
ventional residual fuel oil to low-sulfur fuel oil to 
cooperate with * air pollution control authorities. 

Western domestic petroleum resources, including 
Alaska, cannot currently supply the demand for 
low-sulfur fuel oil. Thus, it is assumed allocations 
of permits to import low-sulfur crude oil into the 
West Region will continue to be issued by the Oil 
Import Administration. Possibly low-sulfur synthetic 
fuel produced from coal, oil shale, or bituminous 
sandstone deposits may supply a portion of the fuel 
requirements in the future. This will, of course, 
depend upon technical and economic factors. 

Conventional and low-sulfur fuel oil are fre- 
quently incompatible and cannot be stored or han- 
dled together. If a decision is made to convert a 
plant using conventional oil to low-sulfur oil, sev- 
eral plant components, including the storage and 
handling system, may have to be changed at a con- 
siderable cost. 


>The Los Angeles Air Pollution Control District re- 
cently enacted its Rule 62.2 which effectively compels the 
use of low-sulfur fuel oil (less than 0.5% sulfur by weight) 
when gas supplies are not available. 


It should also be borne in mind that as long as 
the demand exceeds the domestic supply of fuel 
oil, companies using either low-sulfur or regular 
residual fuel oil run the risk of having the supply 
curtailed in case of international problems, foreign 
strikes, or other matters beyond control of the 
United States. If this were to happen, refinery bal- 
ances would have to be changed because current 
local production would have been adjusted to re- 
flect the displacement of regular residual oil by 
imported low-sulfur fuel. 

The use of coal for electric generation has in- 
creased substantially over the past few years. This 
growth is expected to continue throughout the fore- 
cast period with the bulk of the growth in the Rocky 
Mountain Subregion. There is also a projected use 
of coal after 1975 for the production of synthesized 
oil and gas to fuel thermal power production. 
Future improvements in the economics of EHV 
transmission and dry cooling may enhance coal’s 
competitive position and give it an even larger role 
in the fuel supply mix of the West Region. 

Large reserves of coal which can be recovered 
by low cost stripping methods are available in the 
West Region for electric generation. Anticipated 
improvements in mining methods and productivity 
should tend to stabilize the mine price of coal. Prices 
are projected to rise only moderately during the 
latter part of the forecast period. 

Nuclear-fueled thermal generating plants, unlike 
fossil-fueled plants, do not contribute to air pollu- 
tion. Furthermore, they are not sensitive to fuel 
transportation costs. Reserves of uranium are 
thought to be adequate to supply the nuclear fuel 
demand throughout the forecast period. Cost im- 
provements in the processing and manufacturing 
steps of the fuel cycle are anticipated to offset the 
expected increases in the recovery cost of a dwin- 
dling supply of raw materials. Breeder reactors, 
upon which a great deal of research and develop- 
ment work is currently being carried on, will ex- 
tend the energy generation potential from existing 
uranium reserves. 


Generation 


The West Region patterns of generation for 1970, 
1980, and 1990 clearly illustrate this region’s great 
variety of energy resources. Between 1970 and 1990 
utilities within the region expect to construct every 
significant type of generation—including nuclear; 
gas, oil, and coal-fired thermal; geothermal; con- 
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ventional hydro; hydro pumped storage; and peak- 
ing thermal. The separation of load centers by 
considerable distances is one major reason for the 
variety of planned generation. Another is that 
sources of energy supply are not uniformly distrib- 
uted throughout the region. 

Suitable topography and abundant rainfall have 
made it possible to-develop large amounts of hydro- 
electric power in the Pacific Northwest and the 
northern part of California. However, future in- 
creases in energy supplies for these areas will be 
largely from thermal resources because most of the 
economic hydro energy has already been developed. 
Southern California, the Southwest, Colorado and 
Utah have depended primarily on fossil fuels for 
electric generation. Some inland portions of the 
West Region have available large reserves of coal, 
oil, and gas as compared to Northern California and 
the Pacific Northwest. In areas lacking large fossil- 
fuel supplies the cost to transmit electric energy or 
transport fossil-fuels will tend to make nuclear power 
the economic resource for future  base-load 
generation. 

Sources of Supply 


Nuclear generation is characterized by its rela- 
tively high capital cost but low incremental fuel 
cost, indicating its use for high load factor opera- 
tion. Generally, nuclear units are expected to be 
among the largest thermal units because of econ- 
omies of scale. 

The usefulness of hydroelectric generation for 
peaking purposes and for rapid response following 
system disturbances will continue to be an important 
Tactor in overall generation planning. Hydro plants 
therefore will continue to be installed wherever ade- 
quate sites exist or where units can be added to 
existing sites. 

As more large thermal plants are installed, the 
same factors which have justified pumped storage 
plants in the eastern states and some parts of the 
Rocky Mountains could make pumped storage more 
attractive at other locations. 

Gas turbine peaking units are expected to be 
located near load centers at sites where gas and oil- 
fired plants are presently located. They will gen- 
erally be used for start-up and reserve purposes re- 
sulting in very few hours of annual operation. How- 
ever, they are capable of operating for long periods 
of time during emergencies, which gives them an 
advantage over very low capacity factor hydro 
installations. 


To determine the proper mix of base load and 
peaking resources, utilities in the West are continu- 
ously examining their load characteristics and re- 
serve requirements. Where it is economic and suit- 
able, exchanges of hydro peaking power for off-peak 
thermal energy are being used as a resource. 

Present and possible future interchanges of power 
were considered in projecting the patterns of gen- 
eration. However, they were limited to amounts 
considered to be available within the rather broad 
framework of existing contractual relationships. 
Utilities recognize that the economics of specific 
future proposals could dictate other contracts and 
the substitution of interchange power for construc- 
tion of projected resources. 

Future economics of the various sources of supply 
will determine the specific types of peaking and 
base-load generation, and the amount of interchange 
power that will be included as resources by 1980 
and 1990. 


Factors Affecting Selection of Sites 


Finding suitable sites for thermal units is becom- 
ing increasingly difficult and the cost of developing 
the sites to meet the many restrictions now imposed 
will have an important impact on the economy of 
future generation. Environmental considerations 
such as esthetics, thermal effects, and air quality 
control have taken on such importance that they 
often make otherwise acceptable sites unsuitable to 
develop. Nuclear plants are favored from an air 
quality control standpoint; however, cooling water 
requirements for nuclear plants are greater than for 
fossil-fueled thermal plants. 

The best hydro sites in the region have already 
been at least partially developed; however, more 
will be developed incidental to irrigation and flood 
control projects. Pumped storage sites in the region 
will be developed where the resources mix permits 
and when pumped storage facilities are the economic 
alternative. 


Reserve Requirements 


Reliability of bulk power supply receives much 
attention by utilities in the West. Resources are 
planned to provide not only spinning reserves but 
also to protect against various combinations of 
forced outages. The large systems in the region 
make extensive use of high speed computers for 
studies of system reliability. These studies include 
the planned maintenance schedules, forced outage 
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rates and unit sizes of existing and planned re- 
sources, and transmission capacity reserved for 
emergency power transfers. 

The amount of reserves planned varies over the 
region depending on the particular types of gener- 
ation, resource pooling and other considerations. 
Large unit sizes relative to the system size require 
increases in reserve capacity. However, economies 
of scale and system fuel cost savings have in many 
cases justified installation of the largest unit size 
available. In planning generation it is realized that 
first-of-a-kind units will continue to require more 
test time prior to commercial operation and substan- 
tially more lead time because of the lengthy licens- 
ing process and unpredictable construction delays. 
Shakedown of the more complex generating units 
requires temporarily increased amounts of reserve 
capacity until a mature, more reliable perform- 
ance status is achieved. 

Reserve requirements will change with the selec- 
tion of unit sizes, experience with forced outage 
rates, number and strength of interconnections, and 
pooling arrangements. 

Utilities have been able to obtain the benefits of 
coordinated or joint development of large generat- 
ing units. Projects such as San Onofre, Four Cor- 
ners, Mohave, and Centralia are excellent examples. 

Coordinated planning, now being accelerated, 
will open opportunities for economic benefits 
through contracts for economy energy interchange, 
reserve pooling, overhaul schedule optimizing, and 
sharing of spinning reserve while maintaining a 
high level of reliability. 

In the appended report on Future Generation 
Patterns for the West Region are resource tabula- 
tions and summary tables of peak loads, resources 
(classified by type), scheduled overhaul at the 
time of the peak load, and reserve margins for 1970, 
1980, and 1990. Also included are pictorial maps of 
the West Region showing the pattern of generation 
for the three target years. 


Transmission 
Existing Network 


Transmission of electric power in the West Region 
is characterized to a large degree by long distances 
between hydro or remotely located thermal power 
sources and load centers. The composite of inter- 
connected systems in the region comprises a large 
loop referred to as the Western Loop. In 1970 
the western side of this loop will include two 500 


kv ACG lines and a 750 kv DC line making up the 
western portion of the Northwest-Southwest Intertie 
(Pacific Intertie) and the south side of the loop 
will consist of 500 kv and 345 kv lines across Ari- 
zona with 500 kv, 287 kv, and 230 kv continuing 
into Southern California. The eastern and northern 
sides consist of multiple 230 kv transmission lines 
through Utah, Colorado, Wyoming, Idaho and 
Montana into Washington and Oregon. 

The Pacific Intertie is a significant step in trans- 
mission development in the West Region. The two 
500 kv lines of the Intertie supplement the back- 
bone transmission in California and together with 
the DC line provide interconnection between the 
major hydro and steam generating areas. This in- 
tertie allows several types of peak and energy 
transfers with resulting benefits to all utilities 
involved. 

The West Region is composed of a number of 
operating areas which have achieved a high degree 
of reliable operation. Procedures in these areas for 
meeting operating contingencies vary. Under severe 
emergency conditions, both load shedding and open- 
ing of interconnections are used to avoid extensive 
and prolonged disruption of service. Interruption 
of interconnections varies from automatic relay- 
ing under selected conditions to tripping only at 
such time as there is danger of damage to connected 
equipment. Studies are proceeding under the direc- 
tion of the Western Systems Coordinating Council 
to continue coordination of these various concepts 
and operating practices and to establish criteria 
essential to reliable operation of the region’s inter- 
connected systems. 

Studies have shown that beginning in 1969 sub- 
stantial “circulating” power flows, i.e., power flows 
in a direction opposite to that intended not actually 
circulating, will occur on the Western Loop due 
to large exports to the east from the mid-Columbia 
plants in Washington, part of which flows counter- 
clockwise around the Loop rather than over the 
heavily loaded lines from these plants to the east. 
This condition will be relieved to some extent in 
1972 by transmission capacity increases east of the 
mid-Columbia including series capacitor additions, 
the 500 kv Lower Monumental-Dworshak Dam 
(near Lolo) -Hot Springs lines and addition of two 
steam generating units in Wyoming. 


Future Network 


Construction of long distance transmission lines 
is expected to continue to be required for the de- 
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livery of bulk power from remote hydro and mine- 
mouth thermal plants to load centers. A major 
development in transmission will be 500 kv to 
integrate large coal-fired thermal plants with load 
centers in Arizona and Southern California. In 
instances where generation will supply separate load 
areas located relatively close together, large capacity 
tie lines between the load areas will be economi- 
cally justified. Future transmission plans for some 
areas are based on locating major thermal plants 
in or adjacent to load centers, thus reducing the 
requirement for transmission. These are the areas 
where nuclear plants are expected to develop. With 
time, the function of some major transmission sys- 
tems in these areas originally built to provide bulk 
transmission will be utilized for reserve capacity, 
economy exchange, and peaking service. 

Future development of Extra High Voltage trans- 
mission (EHV) in the West Region will basically 
be to overlay or parallel existing networks, retaining 
the transmission loop routed around Nevada. The 
loop will, however, be considerably strengthened 
with additional EHV lines. This together with 
application of advancements in control techniques 
will result in continuing improvement in the sta- 
bility and reliability of the interconnected systems. 

It is expected that in the future the 500 kv sys- 
tems will be strengthened in the Northwest, in 
Southern California and from the Four Corners— 
Southern Utah area—to Southern California. In 
the Northwest the principal extension of 500 kv is 
expected to be into Western Montana. Multiple 345 
kv transmission lines will be built to meet needs of 
Idaho, Montana and Utah. Transmission at 230 kv 
is anticipated to be adequate to meet the needs of 
Wyoming and Colorado during the 1970’s with the 
longer range possibility of going directly from 230 
kv to 500 kv in these areas. New Mexico and West- 
ern Texas requirements are to be met by expan- 
sion at 345 kv. 

For the 1970 level of transmission development, 
the amount of interregional tie capacity might be 
considered to be a part of the natural sequence of 
transmission growth. This is brought about pri- 
marily as a result of growth of adjoining regional 
networks with only incidental capability of handling 
interregional power flows. For future development 
all of the lines above 230 kv between the West 
Region and the West Central Region are assumed 
to be required for firm power transfers easterly 
from the Montana-Wyoming coal fields. If a high 
capacity interregional network is found to have 


economic advantages, utilities will respond as in 
the past under similar circumstances. For example, 
the Pacific Intertie connecting widely separated 
areas in the West came about as the result of coop- 
erative efforts on the part of public and privately 
owned utility systems and agencies of the Federal 
government. Power transfers and exchanges over 
this intertie are recognized by the parties involved 
as being mutually advantageous. 

The forecasted transmission network will have 
sufficient capacity to take advantage of any eco- 
nomic diversities of loads and resources within the 
region. 

Reliability of Systems 


It is believed that the transmission systems in the 
region will continue to provide a high degree of 
reliability. This will be assured by providing 
capacity needed to match generation to load 
requirements, by providing adequate levels of 
interconnecting capacity between areas and also 
through use of multiple lines and application of 
improved and advanced control techniques. 


Practices of Conserving Rights-of-Way 


Planning is being done by systems in the region 
that will result in upgrading the capability of trans- 
mission lines on existing rights-of-way. There are 
many examples of line replacements and upgrading 
that indicate a determined effort to conserve trans- 
mission line rights-of-way. New transmission tower 
designs are being developed that will permit the 
use of right-of-way widths of 125 to 150 feet for a 
500 kv circuit. This development will make possible 
conversion to higher voltages on existing rights-of- 
way and in some cases without increasing the width. 
For voltages above 500 kv required minimum con- 
ductor spacings make necessary greater width of 
right-of-way per circuit; however, fewer circuits are 
required so that total right-of-way is less than if 
all added lines are at 500 kv. 


Coordinated Planning and Development 
Growth of Coordinated Planning 


Historically, interconnections between power sys- 
tems were generally developed on a system by sys- 
tem, line by line basis. However, as the ties between 
individual systems became ties of a totally inte- 
grated network, the interdependence of the utilities’ 
systems became apparent. Utilities recognized that 
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economic advantages could be obtained if they co- 
ordinated their plans for developing generation and 
transmission. These recognitions led to the forma- 
tion of several coordinating groups in the West 
Region. They also recognized that to maintain a 
reliable bulk power supply required that they should 
share plans for system development. 


Coordinating Groups 


All coordinating groups, whether they are called 
pool, association, committee or council, have one 
underlying purpose—they all are forums for sharing 
both experience and ideas on how best to proceed 
in a joint effort to solve mutual problems of electric 
systems. Because some of the groups are tailored to 
solve localized problems and some to solve problems 
on a regional basis, several separate groups have 
been formed to meet specific objectives. In 1967, 
the Western Systems Coordinating Council was 
organized to include the total interconnected 
western system. 

While membership in the various groups is volun- 
tary, each group usually includes systems that in- 
fluence reliability and operation of other systems 
in the group. Most power systems have found it to 
be in their own best interest to participate. Some of 
the major purposes for which these several groups 
exist are: 

Agree on procedures for interchange control. 

Supervise inter-system metering and account- 
ing. 

Coordinate Maintenance. 

Insurance compatible relay settings and com- 
munications systems. 

Manage reactive resources and voltage com- 
pensation. 

Provide analysis and advice where congres- 
sional authorizations are required. 

Coordinate planning and/or operation of 
power resources. 

Coordinate planning and/or operation of trans- 
mission facilities. 

Coordinate river operation between upstream 
and downstream plants of various ownership. 

Encourage joint construction contracts. 

Encourage contractual capacity and energy 
transactions including wheeling agreements. 

Set procedures for frequency control and time 
error corrections. 

Review load growth and new facility construc- 
tion. 


Coordinate the operation of hydro electric and 
thermal systems of separate ownership. 


Achieve reliable operation and economic util- 
ization of generating and transmission facil- 
ities. 

Recommend operating policies to insure close 
coordination with regional or total western 
pools and councils. 

Perform stability studies. 

Perform emergency load reduction studies. 

Recommend spinning reserve requirements. 

Provide for emergency service or standby 
service. 

Supervise power imports from outside the 
United States. 

Develop basic guides for interconnected 

operation. 

Certain associations have been formed to accom- 
plish, on a regional basis, parallel functions to those 
of some of the smaller area “pooling” agreements. 
Many of these larger coordinating groups are inter- 
ested not only in integrated regional planning but 
also in providing economies of scale for their mem- 
bers while protecting the responsibility of individual 
members to be self-sufficient if necessary. 

The Western Systems Coordinating Council is 
oriented totally towards the bulk power system. 
Member systems are individually responsible for all 
planning. However, the Council’s Planning Coordi- 
nation Committee conducts studies to determine the 
effect of the individual plans upon reliability of the 
network and makes recommendations based on these 
studies. Operating procedures relating to reliability 
are the function of the Operations Committee. Its 
recommendations for operating policies are pro- 
vided to guide the member utilities. Since all the 
council data and computer programs are available 
for the members to use, a means has been established 
for every system to know how its plans will affect 
other systems and how other systems’ plans may 
affect it. 


The Future of Coordinated Systems 
Development 


The western coordinating groups will continue to 
update criteria relating to generation reserves, load 
shedding practices, relaying, line loading, unit and 
plant sizes and other elements of power system engi- 
neering. Not all these topics are properly the func- 
tion of any one group. The expected large increase 
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in electric power requirements will cause even 
greater emphasis to be placed on reliability, while 
continuing a concern for the. quality of the 
environment. 

Over the long range, WSCC is expected to serve 
as a vehicle for motivating research and the develop- 
ment of solutions to problems peculiar to the west- 
ern states. Recent work on criteria for system 
planning and development of highly sophisticated 
computer programs will continue to be expanded 
and refined. The role of computers for operation, in 
addition to planning, is anticipated for development 
on a step by step basis. The proper amount and dis- 
tribution of spinning reserve and its rate of response 
are important to reliability and will receive con- 
tinuing investigation. It is necessary to prevent cas- 
cading outages following any disturbance and the 
constant updating of design and operating tech- 
niques will provide the means for avoiding such 
cascading. 


While relatively weak east-west ties presently 
exist, a more comprehensive study will need to be 
completed before additional east-west ties are made. 
Higher voltage lines with their higher capacity could 
be even more disruptive to power systems in the im- 
mediate interconnected area than is now the case, if 
these lines are not carefully integrated into the 
existing network. Therefore, it is essential that close 
liaison be maintained between WSCC and coordi- 
nating councils such as Mid-Continent Area Power 
Planners and Southwest Power Pool to assure the 
necessary reliability of any additional interregional 
ties that may be investigated. 

It is expected that the National Electric Reliabil- 
ity Council will be able to assist in the development 
of interregional reliability. As a forum to exchange 
information with respect to planning and operating 
matters, it will also review regional and interregional 
activities on reliability as well as providing informa- 
tion on such matters to appropriate federal agencies. 
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APPENDIX 1 
FUTURE POWER REQUIREMENTS 


Prepared by Subcommittee on Power Requirements and Load Diversity 


General 


The estimated future power requirements for the 
West Region were developed from the projected 
power requirements of the 13 Western Power Sup- 
ply Areas (PSA) shown on the map below. The 
boundaries of the PSA’s, as established by the Fed- 
eral Power Commission, are generally determined 
on the basis of the service areas and operating rela- 
tionship of the utility systems. The West Region 
includes the Western States in the contiguous 
United States west of and including most of 
Montana and Wyoming, a small portion of south- 
west South Dakota, the panhandle portion of 
Nebraska, Colorado, Morton County, Kansas, the 
panhandle of Oklahoma, New Mexico, and the 
panhandle and western tip of Texas. 


Forecasts of future power needs were developed 
for PSA’s 31, 32, 36, and 39 by the staff of the Fort 
Worth Regional Office and for PSA’s 30 and 41 
through 48 by the staff of the San Francisco Re- 
gional Office with the assistance and cooperation 
of a utility task force. 

The projected future power requirements for 
each PSA were based on trends of load growth 
supplemented by analyses of factors within each 
PSA, such as projections for population and busi- 
ness indices, increased customer usage (lighting, 
refrigeration, air conditioning, heating, etc.), cost 


of electricity, competitive fuels, water project pump- 
ing demands, new uses of electric energy, and other 
specific factors having a bearing on the rate of 
growth within each PSA. These estimates of the 
future power needs in the West Region to 1990 
were, after review and revisions, approved by the 
West Region Advisory Committee at its ninth meet- 
ing, October 4, 1967. The committee’s report, out- 
lining its review of initial estimates, is included here 
as part of appendix 1. 

The present estimate of West Region future 
power requirements indicates a growth rate greater 
than that shown in the 1964 National Power Sur- 
vey. This increased rate of load growth follows a 
trend similar to that of the total electric energy 
growth in the contiguous United States. The rate 
of energy load growth within the individual PSA’s 
in the West Region, however, is expected to vary. 
In 1965 the energy requirements of the West Region 
were about 20% of the total for the nation and by 
1990 the percentage is not expected to change 
significantly. 


Annual Power Requirements 


As indicated in Table 1, the total energy require- 
ments for the West Region in 1965 amounted to 
212,550 gwh with a corresponding peak demand of 
37,545 mw, and a load factor of 64.6%. For 1990 
these are estimated at 1,232,800 gwh, 216,420 mw, 
and a load factor of 65.0%. This represents an 
energy growth of 5.8 times and an average com- 
pound rate of growth of 7.3% over this 25-year 
period. 

Of all the PSA’s in the West Region, the area of 
southern California and central Nevada, PSA 47, 
with 51,129 gwh in 1965 had the largest energy 
requirement. This was 24% of the West Region 
total energy requirement. In 1990 the energy re- 
quirement of PSA 47 is expected to remain at about 
this same percentage relationship. The Arizona 
area, PSA 48, is expected to have the highest rate 
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of growth for the 1965 to 1990 period, an average 
compound rate of 8.1%. 

The past and estimated future annual power re- 
quirements (energy, peak demand, and load factor) 
for the West Region by PSA’s are shown on Table 
1. The comparative growth of energy requirements 
is indicated on Table 2. 

Figures 1 and 2 indicate the past and estimated 
future annual power requirements (energy and peak 
demand) for three typical PSA’s—32, 43, and 47 in 
the West Region. PSA 47 (the southern California- 
central Nevada area) represents California and the 
Southwest, the area with the greatest power require- 
ments in the West Region; PSA 43 (Washington) 
represents the Pacific Northwest; while PSA 32 
(Colorado) represents the eastern side of the West 
Region. 


Seasonal Characteristics 


Because the West Region’s area covers more than 
one-third of the contiguous United States, including 
seacoast, mountainous and desert areas, all types of 
weather and economic conditions are experienced. 
Thus wide differences in power usage are experi- 
enced now and are to be expected in the future. 
These differences in power requirements result in 
peak load diversity throughout the region. The re- 
corded and estimated summer and winter peak de- 
mands for the West Region, by PSA’s, are shown 
in Table 3. 

The 1965 summer peaks occurred in June, July, 
or August and the winter peaks occurred in Decem- 
ber or January. Similarly, future summer peaks 
may occur in any of the summer months while the 


TABLE 1 
WEST REGION 


Past and Estimated Future Annual Power Requirements by Power Supply Areas and West Region 


Area 


Item Unit 1950 1955 1960 1965 1970 1975 1980 1985 1990 
PSA SS. 225. - seas Ss Energy for Load__---- Gwh 593 1,010 1, 854 2, 853 4, 253 6, 370 9, 390 13, 400 18, 800 
Peak Demand..------- Mw 122 204 328 474 715 1, 070 1, 570 2, 250 3, 150 
oad actor 22-2 -2-= % 55. 5 56. 5 64.3 68. 7 68. 0 67.9 68. 3 68. 0 68. 1 
IP GAS S2iee se ece ee en tees Energy for Load__----- Gwh 1, 980 3, 516 5, 483 7,790 11,500 16,500 23,400 32,700 45, 300 
Peak Demand..------ Mw 411 683 1,054 1,497 2,130 3,020 4,230 5,860 8, 030 
oad: Eactoreese- = — % 55.0 58.8 59. 2 59.4 61.6 62. 4 63. 1 63. 7 64.4 
PS Ass6e Os eee Energy for Load___.-- Gwh 1,486 2,828 4,395 6,452 9,170 13,000 18,200 25, 100 33, 800 
Peak Demand_------- Mw 287 558 861 1,238 1,790 2,510 3,480 4,770 6, 380 
Load Factors. 222----—= % 59. 1 57.9 58. 1 59. 5 58. 5 59. 1 59. 7 60. 1 60. 5 
BSACS9 ce 2be cae sea Energy for Load_----- Gwh 750 1, 389 2, 596 3, 664 5, 426 7,980 11,500 16,100 21, 600 
Peak Demand..--.---- Mw 154 266 472 687 1,035 1,520 2,180 3,060 4, 090 
Load, Factors.--<--=— % 55. 6 59.6 62. 6 60. 9 59.8 59.9 60. 2 60. 1 60. 3 
PSA<30) 225s eee Energy for Load__-- --- Gwh 2, 668 4,114 5, 004 6, 630 8, 830 11, 740 15,680 21,070 28, 390 
Peak Demand_--__---- Mw 424 752 775 1, 089 1, 460 1, 940 2, 590 3, 490 4,700 
Load Factor_-_.-_------ % 71.8 62. 5 73.7 69. 5 69 69 69 69 69 
PSAs See eee Energy for Load-_--_--- Gwh 3,056 5,440 8,325 11,119 15,680 22,210 31,420 44,510 63, 210 
Peak Demand_..----- Mw 604 949 1,447 2,044 «= - 2,840 4,020. «5, 690 -~— 8, 060 11, 460 
Load Factor. _-------- Ww) 57.8 65. 4 65. 7 62. 1 63 63 63 63 63 
PS Av42 eee ee oe Energy for Load__.--- Gwh 5,152 8,072 7,798 10,871 13,400 15,800 18,100 20,700 23, 000 
Peak Demand___-_---- Mw 763 1, 181 1,319 1, 562 2, 190 2, 580 2, 950 3, 380 3, 750 
oad Pactors2sss-45= % Hea 78.0 67.3 79. 4 70 70 70 70 70 
DSA: 43s eee oe Energy for Load___--- Gwh 6,675 12,147 14,456 20,412 30,300 43,500 61,900 86, 000 118, 700 
Peak Demand_------- Mw 1,373 2,342 2,663 4,048 5,760 98,280 11,780 16,360 22, 580 
Load Factor... ------- % 55. 5 59. 2 61.8 57. 6 60 60 60 60 60 
PSA 44-450 oe ee Energy for Load__----- Gwh 11,827 17,899 25,472 33,522 49,700 69,800 96,800 133,300 183, 000 
Peak Demand_---.---- Mw 2, 023 3, 286 4,311 6, 013 8, 930 12, 550 17, 400 23, 960 32, 900 
Loag Factor 222 2ss2<= % 66. 7 62. 2 67.3 63. 6 63. 5 63. 5 63.5 63. 5 63. 5 
PS And Op seeee eee ae Energy for Load__---- Gwh 13,967 20,769 30,099 42,654 63,400 92,900 136,000 199, 000 291, 000 
Peak Demand____-.-- Mw 2,500 3,761 5,525 7,639 11,200 16,500 24,100 35,300 51, 600 
oag Hactors...-ese—— %Q 63. 8 63. 0 62. 2 63. 7 64. 6 64.3 64. 4 64. 4 64. 4 
IRB AY Aye 2a aco an Energy for Load__----- Gwh 14,202 22,148 33,682 51,129 72,500 106,000 151,000 213,000 298, 000 
Peak Demand___.---- Mw 2, 759 4,312 6, 267 9, 451 13, 300 19, 400 27, 700 39, 200 55, 000 
Load actors 2 e-ee- % 58. 8 58. 6 61.3 61.8 62.3 62. 4 62. 2 62.0 61.9 
IBS ARAB oat NREL Oe eens Energy for Load _----- Gwh 2, 869 6,082 10,572 15,452 23,600 34,400 50,300 73,800 108, 000 
Peak Demand___-_---- Mw 561 1, 166 2, 022 2, 941 4, 490 6, 550 9,570 14,000 20, 600 
Loads actors sae see. % 58. 4 59. 5 59.7 60. 0 60 60 60 60 60 
WEST Region-.--...---- Energy for Load__----- Gwh 65,225 105,414 149,736 212,548 307,759» 440,200 623, 690 ( 878, 680 Al 232, 800 p 
Peak Demand !___.--- Mw 11,981 19,460 27,044 37,545 54,035 77,28C 109,420 154, 250 216, 420 
Load: BP actors ssses-2—— % 62.1 61.8 63. 0 64.6 65. 0 65. 0 65.1 65. 0 65.0 
11950-1960: non-coincident; 1965-1990: coincident. > 3 Deo Yond FO o4 
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future winter peaks may be expected to occur in 
December or January. 

In the Pacific Northwest, PSA’s 42-45 peak in 
the winter while PSA 41 peaks in the summer, pri- 
marily due to irrigation pumping loads and air 
conditioning. Utilities in these PSA’s have for many 
years taken advantage of this diversity in construct- 
ing their generating capacity needs. Load diversity 
may exist within a single PSA or even within the 
area of a single utility. PSA 46, where agricultural 
pumping and air conditioning loads create summer 
peak loads nearly identical with the winter peaks, 
is an example of this. This internal diversity is ad- 


vantageous to the particular area in planning its 
generation requirements and decreases, or may elim- 
inate, the potential for sharing diversity with other 
areas. 

The past and estimated future monthly peak re- 
quirements for 10-year intervals to 1990 are shown 
on Table 4 for the 13 PSA’s and for the total West 
Region. Table 5 shows the monthly energy require- 
ments over this same period. The ratio of recorded 
minimum monthly peaks to annual peak for the 
total West Region amounted to 89% in 1960 and is 
estimated to be 87% in 1990 with December con- 
tinuing to be the peak month (calendar year basis) . 


TABLE 2 
WEST REGION 
Comparative Growth of Total Energy Requirements by Power Supply Areas and West Region 


[Index: 1960=100] 


Area 1950 1955 1960 1965 1970 1975 1980 1985 1990 
DONS) LS 32 54 100 154 229 344 506 723. PO. 
LSE Pc 36 64 100 142 210 301 427 596 826 
SINE GO ER As ee acs ae 3 34 64 100 147 209 296 456s 571 769 
LPSYR GND. al aaa aa 29 54 100 141 209 307 443 620 832 
Melt i a 53 82 100 132 176 235 313 421 567 
ENN ES | Cn a 37 65 100 134 188 267 377 535 759 
Sy 2 ee 66 104 100 139 172 203 232 265 295 
BOAO cee iste ne '46 84 100 141 210 301 428 595 821 
el G2 ee ae 46 70 100 132 195 274 380 523 718 
| LSVe0t Co). 0as ee ae 46 69 100 142 211 309 452 661 967 
LE eng 10 ES a 42 66 100 152 AND 315 448 632 885 
LSA 02a es Oe an 27 58 100 146 223 325 476 698 1,022 
WEST Region...... 44 70 100 142 206 294 417 587 823 


Five Year Compound Rate of Energy Growth 


[In percent] 


Area 1950-1955 1955-1960 1960-1965 1965-1970 1970-1975 1975-1980 1980-1985 1985-1990 
HS leh eae ae ee sal, 2 29 9. 0 Bh 8.4 8. 1 7.4 7.0 
LS) OP 12.2 oh 13 8.1 deg 1p? 6.9 Ox7, 
Sie 0 se ee Neer Ore 8. 0 Tee 1h? 7.0 6. 6 oul 
Eis 2 betes aes are ais dl NB) 74 8. 2 8. 0 1:6, 7.0 6.0 
SNe So One ceils sae ee 9.0 450 5. 8 Sy) oe) Sy) 6. 1 owl 
ES Mee lence opsncigenso cies eoncs Ze 8.9 8) ioe | fe dae ews tke 
LST: AG 7 rr OFA —0.7 6.9 4°53 Bb o 228 2y7. 1 
ESAS AS re eae sal «4 Pe! 35) HA 8.2 15 fhe 6.8 Bai, 
[2o) ole a A ee ee 8.6 73. 5 8. 2 7.0 6. 8 6. 6 6.5 
(ECA RE COS eR eee 8. 3 ed, 7.2 8. 2 PERS) 79 Ta3 no) 
ESS doa ORS 8.7 8.7 7.2 1 iad ify) 6.9 
[Spo ys ees [eRe are ee 16. 4 eZ. ise?) 8.8 7.8 Zips) 8. 0 ips.) 
WEST Region........ 10. 1 733 153 ed, 7.4 i pers Tal 7.0 
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TABLE 3 
WEST REGION 


Estimated Summer and Winter Peak Demands by Power Supply Areas and West Region 


[Megawatts] 
1965 
1970 1975 1980 1985 1990 
Area Summer Winter — —— 
Summer Winter Summer Winter Summer Winter Summer Winter Summer Winter 
Month Peak Month Peak 

SAS WAGE De Se eee ee ee eee Aug. 456 Dec. AV h 660 7165 995 1,070 1, 460 1, 570 2, 093 2,250 2, 930 8,160 
ELOY AE Vie ew oe en Ee ce Aug. 1, 314 Dec. 1,497 1, 940 2, 180 2, 750 3,020 3, 850 4, 230 5, 330 5, 860 7,310 8, 030 
TORU AUS ES Je Se os geese eee Jul. 1, 288 Dec. 1, 034 1,790 1, 490 2, 510 2, 080 8, 480 2, 890 4,770 3, 960 6, 380 5, 300 
SAG SO ates eee hte ge ee a et LS Jul. 687 Dec. 670 1,085 1, 000 1, 620 1, 470 2, 180 2, 110 8,060 2, 970 4,090 3, 970 
SAG 0 eee et ene ee eee ee Aug. 964 Dec. 1,089 1, 260 1, 460 1, 680 1,940 2, 240 2, 590 3, 020 8, 490 4,070 4,700 
PS Ar 4 Leer a ons Sees Se 8 Jul 2,044 Dec. 1, 825 2,840 2, 440 4, 020 3, 450 5,690 4, 890 8, 060 6, 920 11, 460 9, 840 
ID SA542 epek oes See ane ee Jun. 1, 465 Jan. 1,618 2, 120 2, 470 2, 500 2,920 2, 860 8, 330 3, 280 8,820 3, 640 4, 240 
IP SIAGA 3 heer te fr Soe Jun. 2, 908 Dec. 4,048 4, 320 5,970 6, 210 8, 580 8, 840 12, 200 12, 300 16, 900 16, 900 23, 400 
PP OAcd4 45 se eae ee ee SS Jun. 4, 587 Dec. 6,013 7, 050 9, 470 9, 910 13, 300 13, 800 18, 400 18, 900 26, 400 26, 000 34, 900 
TESW, lm Gee ate oe SOS eR ee Aug. 7, 383 Dec. 7, 639 11, 200 11, 100 16, 500 16, 300 24, 100 23, 800 35, 300 34, 900 51,600 51, 000 
SAC 7 eee eee ee fee eee Aug. 8, 957 * Dec. 9, 461 12, 700 13, 300 18, 500 19, 400 26, 500 27,700 37, 400 89, 200 52, 500 56, 000 
SAGAS Atak dt meet h Dee oe feta os See Aug. 2, 941 Jan. OP PAU 4, 490. 3, 520 6, 550 5, 140 9, 570 7, 510 14, 000 11, 000 20, 600 16, 200 
WEST Region... -.-...-<- 54 eee Aug. 34, 567 Dec. 87, 545 51, 180 54, 035 73, 310 77, 280 104, 120 109, 420 146, 950 154, 250 206, 680 216, 420 


NOTES: 
Annual peak demands are italicized. 
1965 summer and winter peaks occurred in the months indicated. 
Future summer peaks may occur in any of the summer months; future winter peaks are estimated to occur in December, except for PSA’s 42, 43, and 44-45 whose peaks are estimated to occur in 
January of the following year. 


Principal Load Centers 


The tremendous growth of the electric power 
industry in the decades ahead presents a continuing 
opportunity for the industry to expand the power 
systems to take advantage of potential economies in 
planning future electric power facilities. Familiarity 
with the distribution and concentration of loads and 
power needs is important in system planning studies 

_of generation and transmission facilities. Load cen- 
ters are generally key points on backbone transmis- 
sion networks and have an influence on the location 
of new generating facilities. 

Table 6 indicates the peak demands by load cen- 
ters and by PSA’s for the West Region for 1970, 
1980, and 1990. Forty-seven separate load centers 
are indicated in this table. In 1990, two of these 
load centers—San Francisco and Los Angeles—are 
expected to account for 61,100 mw, or 27% of the 
224,240 mw West Region non-coincident total load. 

Figure 3 depicts the wide variation in load den- 
sity throughout the Region. About 70% of the esti- 
mated 1970 load is concentrated in the areas along 
the Pacific Coast. In 1990 this percentage is ex- 
pected to increase about 72%. Also, by 1990 almost 
one-half of the total West Region load is expected 
to be in California. The areas of heavier load con- 
centration encircle the State of Nevada. This load 
pattern corresponds with the Western loop formed 
by the main backbone transmission networks in the 
West Region. 


Classified Sales 


An analysis of projected load growth by major 

use Categories gives an indication of the individual 
_area’s and Region’s economy as well as the direction 
of future growth. These major use categories are 
broadly defined as rural and residential, commercial, 
industrial, and all other. The “other’’ classification 
includes such miscellaneous uses as street and high- 
way lighting, electrified transportation, other muni- 
cipal services, etc. Residential use is normally a 
function of population and steadily growing average 
use per customer while commercial and industrial 
use per Customer may vary considerably, depend- 
ing upon the wide range in types of loads served and 
their variations in power requirements. 

Energy requirements by class of service are shown 
in Table 7 for PSA’s and the West Region at five- 
year intervals from 1965 through 1990. Although it 
is difficult to predict with assurance the develop- 


ment of new products and their estimated power re- 
quirements in long-range projections, the effect of 
new uses of electric power is reflected throughout 
these projections. 

As indicated in Table 7, the industrial load classi- 
fication was the largest use category in 1965. It 
accounted for 72,600 gigawatt-hours (over 34% 
of the total West Region use). Through 1990 it will 
continue to be the largest use category, maintaining 
about the same percentage relationship to the total. 
In 1965 it was the largest use component in 9 of 
the 13 PSA’s. In the remaining four the rural and 
residential classification represented the largest 
use. This same total relationship is expected to exist 
in 1990; however, PSA 46 changes from rural and 
residential to industrial and PSA 48 makes the re- 
verse change in largest load use. 

The percentage distribution of total energy for 
load by major use catgeories for the 1965 to 1990 
period is shown in Table 8. For the total West 
Region, the industrial class indicates a slight increase 
in percentage of total energy use, changing from 
34.2% in 1965 to 34.5% in 1990. The rural and 
residential class of service is expected to decrease 
from 30.3% to 28.2% of the total over this period. 
The commercial class is also estimated to decline 
in its percentage share from 20.3% to 18.9%. The 
greatest gain in percentage use is expected to occur 
in the “all other” category, increasing from 5.4% 
to 8.3%. Losses are expected to remain at about 
10% of the load. 


Utility Load Curves 


An electric utility’s load curve, a chart showing 
the power supplied plotted against the time of oc- 
currence, illustrates the varying magnitude of the 
utility's power demands over a certain period of 
time. While the hour-by-hour load curves for indivi- 
dual power systems may have considerable similarity 
in time and shape, the peak demands may not occur 
coincidentally with other systems. Detailed load-re- 
source studies would be necessary to determine if 
this diversity in peak demands is valuable in plan- 
ning future resources. 

Figures 4 and 5 illustrate summer and winter load 
conditions. They show the actual hourly load curves 
of Friday, August 6, 1965, and Tuesday, December 
7, 1965, for the total West Region and the previous- 
ly referred-to-typical PSA’s 32, 43, and 47. 
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TABLE 4 
WEST REGION 
Past and Estimated Future Monthly Peak Demands 


[Megawatts] 
January February March April May June July August September October November December 
1960 

IPS AGS tee ae eae ee ew aes 289 275 268 251 247 274 295 304 303 299 314 328 
IDS Ag ba eee te tee nee See Se een 945 895 882 832 839 912 975 981 965 946 1, 024 1, 054 
SAS Orestes fate sas eee ects 577 573 616 669 688 735 789 861 733 669 715 TN17 
IP SATO lees eae ene ee Sau s 404 400 392 398 406 461 472 467 465 426 439 459 
d ELS. NGR Se es eae ee eer 703 721 739 713 716 703 722 695 690 718 722 775 
SIAC A eek As sete Sage eo es 1, 239 1, 201 1, 201 TL Pay 1, 344 1, 447 1, 440 1, 418 1, 369 1, 233 1, 297 1,316 
IPS AGS 2 eos ae See ees = aes oe ec 1, 319 1, 255 1, 300 1, 250 1, 231 1, 289 1, 163 1, 182 984 1, 019 1, 140 1, 225 
DS Ath gaat oe ee ae NL eC. 2, 663 2, 472 2, 566 2, 241 2, 195 2, 057 1, 943 2, 088 2, 126 2, 364 2, 648 2, 642 
TEAS Nac Ve ie ee ae Bee oe ee ee 4,311 4, 109 4, 259 3, 730 3, 768 3, 406 3, 435 3, 617 3, 693 3, 826 4, 221 4, 258 
TRASHNGC AG, ae a 4, 829 4, 543 4, 649 4, 580 4, 735 5, 370 6, 525- 5, 320 4, 958 4, 846 4, 906 5, 043 
SAA ee eene ects, eR a oe 5, 725 5, 656 5, 540 5, 587 5, 398 5, 637 5, 927 5, 829 6, 257 6, 166 5, 890 6, 267 
PASQUALE eee eee ae 1, 300 1, 259 1, 515 1, 531 1, 706 1, 969 2, 010 2, 003 2, 022 1, 640 1, 508 1,614 

WESTER ecionse ewe aes 24, 304 23, 359 23, 927 22, 999 23, 273 24, 260 24, 696 24, 715 24, 565 24, 152 24, 824 25, 698 

1970 

IPS AG3 tere 2 eee eens oe See 640 620 590 590 590 620 640 660 620 640 670 715 
IP SARS 2 sa eee oe eee se eee 1, 920 1, 830 1, 790 1, 750 1, 750 1, 830 1, 940 1, 920 1, 850 1, 870 2, 040 2, 130 
IP SiAy 36 ee fees ene Sua yon hee 1, 270 1, 200 1, 340 1, 400 1, 410 1, 470 1, 740 1, 790 1, 500 1, 320 1, 450 1, 490 
PS Atsp sewer ss oe te 2 Rea Be 910 880 870 870 920 990 1, 035 1, 010 980 950 960 1, 000 
ES AY 30 seee geen tart ete ee UA 1, 390 1,310 1, 270 1, 230 1, 240 1, 200 1, 230 1, 260 1, 260 1, 290 1,390 1, 460 
PD SArAl See See roe aN Ss 2, 410 2, 270 2, 140 2, 120 2, 400 2, 670 2, 840 2, 780 2, 530 2, 360 2, 410 2, 440 
1D SACa 2 ee oe eee a es ee ee 2, 090 2, 000 1, 960 1, 980 2, 080 2, 120 2, 010 2, 040 1,970 1, 960 2, 040 2, 190 
(PS AS oe a mek eee Mees eee Sec ete 5, 470 5, 010 4, 900 4, 800 4, 440 4, 200 4, 150 4, 320 4, 380 4, 950 5, 300 5, 760 
IRS AC4GS 45 ee eae ee eS 8, 570 8, 040 7, 650 7, 410 7, 230 6, 970 6, 790 7, 050 7, 140 7, 590 8, 300 8, 930 
PS Ash ae ee 8S ee ee ee 10, 100 9, 810 9, 800 9, 700 9, 980 11, 000 11, 000 11, 200 10, 200 10, 000 10, 400 11, 100 
DS Aug] soca Bon sae ee ee ee 11, 800 11, 600 11, 600 11, 600 11, 100 11, 700 12, 400 12, 700 12, 600 12, 600 12, 800 13, 300 
IP SAG&S. So Le ee ae ee 8, 260 3, 230 3, 440 3, 480 3, 860 4, 230 4, 490 4, 450 4, 180 3, 710 3, 310 3, 520 


WEST Region__.....--------- 49, 830 47, 800 47, 350 46, 930 47, 000 49, 000 50, 265 51, 180 49, 210 49, 240 51, 070 54, 035 
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PAG cue ea eo eee 1, 410 1,370 1,300 1, 290 1, 290 1, 350 1, 410 1, 440 1, 350 1, 400 1, 480 1,570 
OR Go es nh gd oe 3, 810 3, 640 3, 550 3, 380 3,470 3, 640 3, 850 3, 810 3, 680 3, 720 4, 060 4, 230 
PR Oh en ne se ae 2, 440 2, 330 2, 610 2,710 2, 750 2, 850 3, 380 3, 480 2, 920 2, 580 2, 820 2, 890 
PUR TOS Wee fees eee 1, 920 1, 850 1, 830 1, 830 1, 940 2, 090 2, 180 2, 140 2, 070 2, 010 2, 030 2,110 
SEAS 1 ala ernie ble Tis 2, 460 2, 330 2, 260 2, 180 2, 190 2, 140 2, 190 2, 240 2, 230 2, 290 2, 460 2, 590 
Pee ee ie No ee 4, 840 4, 550 4, 280 4, 240 4,810 5, 350 5, 690 5, 560 5, 060 4,720 4, 840 4, 890 
Ret pepe a ek ok ee 2, 820 2, 700 2, 640 2, 670 2, 800 2, 860 2,710 2, 740 2, 650 2, 650 2, 750 2, 950 
SUE a ee oe 11, 200 10, 200 10, 000 9, 780 9, 070 8, 600 8, 480 8, 840 8, 950 10, 100 10, 800 11, 780 
SLA e ES Cae eee ae 16, 700 15, 700 14, 900 14, 400 14, 100 13, 600 13, 200 13, 800 13, 900 14, 800 16, 200 17, 400 
CLAS NRT SSS eS 21, 800 21, 100 21, 100 20, 900 21, 500 23, 600 23, 700 24, 100 21, 900 21, 500 22, 400 23, 800 
TESU NG” Gib aay eae ae Ne ate SOS 24, 700 24, 100 24, 100 24, 200 23, 000 24, 400 25, 800 26, 500 26, 300 26, 100 26, 600 27, 700 
“2S Ac Oe eee Hoe 6, 960 6, 880 7, 330 7,410 8, 230 9, 020 9, 570 9, 470 8, 900 7, 900 7, 060 7, 510 
ee =) 2 8 ee eee 
WEST Revlon 2. 29 eee 101, 060 96, 750 95, 900 94, 990 95, 150 99, 500 102, 160 104, 120 99, 910 99, 770 103, 500 109, 420 
1990 

Poa Clie ee ts ee 2, 840 2, 740 2, 610 2, 580 2, 580 2,710 2, 840 2, 900 2,710 2, 800 2, 960 3, 150 
SUG parte i Oke ee an bod oe 7, 230 6, 910 6, 750 6, 420 6, 580 6, 910 7,310 7, 230 6, 990 7,070 7,710 8, 030 
{CSW epee Se ae eames Sek a 4, 470 4, 270 4,790 4, 980 5, 040 5, 230 6, 190 6, 380 5, 360 4,720 5, 170 5, 300 
PSA 39.___-.. Bee a eee 3, 600 3, 480 3, 440 3, 440 3, 640 3, 930 4, 090 4,010 3, 890 3, 760 3, 800 3, 970 
iDEN Se EE eres oct I Se 4,470 4, 230 4, 100 3, 960 3, 980 3, 880 3, 970 4,070 4, 040 4, 150 4,470 4,700 
‘iS 0@7 A SRE ES Si es a 9, 740 9, 176 8, 620 8, 540 9, 700 10, 800 11, 460 11, 200 10, 200 9, 510 9, 740 9, 840 
eva eet ote ten et es 3, 590 3, 430 3, 360 3, 390 3, 560 3, 640 3, 450 3, 490 3, 370 3, 360 3, 500 3, 750 
Day Sy Oe | SAS eRe Ce 21, 500 19, 600 19, 200 18, 700 17, 400 16, 500 16, 300 16, 900 17, 200 19, 400 20, 800 22, 580 
TRL Yr eee ere > ae 31, 600 29, 600 28, 200 27, 300 26, 600 25, 700 25, 000 26, 000 26, 300 28, 000 30, 600 32, 900 
1 SISU AE: ho Ea ees eee 46, 600 45, 200 45, 200 44, 700 46, 000 50, 500 50, 800 51, 600 47, 000 46, 100 48, 000 51, 000 
Se) ane eee aS ee ae 49, 000 47, 900 47, 800 48, 000 45, 800 48, 400 51, 200 52, 500 52, 300 51, 900 52, 900 55, 000 
|g Tia AR spre ea aire eee 15, 000 14, 800 15, 800 15, 900 17, 700 19, 400 20, 600 20, 400 19, 200 17, 000 15, 200 16, 200 


oe 


WASSER Op 1ONee esos e esas 199, 640 191, 330 189, 870 187, 910 188, 580 197, 600 203, 210 206, 680 198, 560 197, 770 204, 850 216, 420 
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TABLE 5 


WEST REGION 


Past and Estimated Future Monthly Energy Requirements 


[Gigawatt-hours] 


January February March April May June July August September October November December Year 
1960 
IGA Olonees hose saeco eo 156 138 146 135 147 145 170 172 154 161 156 174 1, 854 
IBSAy32. os ee eee 457 427 442 410 427 437 485 516 463 465 459 495 5, 483 
| ORY AGE Hepes en eS ee 327 308 348 367 376 362 383 461 371 349 376 367 4,395 
IPR SAG GO eeeGe Ss se seems 203 191 202 196 211 231 239 251 224 213 209 226 2, 596 
PAT GUS rs aee eee 384 377 444 426 447 416 429 415 369 410 422 465 5, 004 
IRS Ac Altes eoeesee Se ae 656 588 646 642 741 792 816 798 705 631 630 680 8, 325 
GAS YUE Ot < oR eee eee 731 625 663 603 633 579 685 684 661 663 619 652 7, 798 
IRS AAs es ee eee 1, 378 1, 245 1, 313 1, 172 1, 190 1, 055 1, 036 1, 105 1, 085 1, 199 1, 281 1, 397 14, 456 
UA 64-40 eee ae ees 2, 374 2, 138 2, 263 2, 079 2, 207 1, 932 1, 967 2, 022 1, 892 2, 039 2, 167 2, 392 25, 472 
SAS AGS tree aon ese 2, 550 2, 169 2, 463 2, 343 2, 451 2, 791 2, 929 2, 873 2, 448 2, 418 2, 269 2, 395 30, 099 
SAG 472 Sas ease ce 2, 732 2, 547 2,770 2, 653 2, 705 2, 840 2, 996 3, 026 2, 921 2, 870 2, 729 2, 893 33, 682 
(PUAC4S ees ce eeeee seers 696 641 794 795 865 1, 061 1, 164 1, 166 1, 049 816 753 772 10, 572 
WEST Region------ 12, 644 11, 394 12, 494 11, 821 12, 400 12, 641 13, 299 13, 489 12, 342 12, 234 12, 070 12, 908 149, 736 
1970 

PS An alee. sae oo sae 361 323 349 327 340 336 379 379 357 349 361 392 4, 253 
1 EAS. De oa oe ene 977 874 931 874 920 932 1, 023 1, 035 943 978 978 1, 035 11, 500 
jC RG ee eee ee 687 633 743 761 743 752 908 926 752 734 752 779 9, 170 
IPS AG 398 a aot eee ance 434 386 424 413 451 477 509 509 456 451 445 471 5, 426 
IPS ADO eee eee en eae eas 753 695 754 705 726 705 723 736 714 745 750 824 8, 830 
TYNE las ere ee eee 1, 220 1, 110 1, 190 1, 160 1, 330 1, 390 1, 650 1, 560 1,310 1, 290 1, 190 1, 280 15, 680 
1 2429. yO eeet? anos Sa eee 1, 150 990 1, 100 1, 020 1, 210 1, 160 1, 170 1, 180 1, 040 1, 070 1, 100 1, 210 13, 400 
IDS Acdg oe oeee eee 2, 870 2, 550 2, 700 2, 460 2, 410 2, 290 2, 220 2, 300 2, 330 2, 570 2, 560 3, 040 30, 300 
PSA. 44-45 5 eee ate 4, 600 4, 130 4, 320 3,970 4, 020 3, 790 3, 760 3, 890 3, 940 4,110 4,320 4, 850 49, 700 
IPS Be 46 tee er 4,910 4, 640 5, 250 5, 000 5, 330 5, 500 5, 920 6, 000 5, 210 5, 220 5, 040 5, 380 63, 400 
PS ATAT 3 peepee 5, 900 5, 380 5, 950 5, 720 5, 850 5, 920 6, 340 6, 630 6, 070 6, 280 6, 000 6, 460 72, 500 
IPS AAS pooner 1, 720 1, 580 1, 860 1,770 1, 990 2, 160 2, 520 2, 500 2, 120 1, 830 1, 720 1, 830 23, 600 
WEST Region----- 25, 582 23, 291 25, 571 24, 180 25, 320 25, 412 27, 122 27, 645 25, 242 25, 627 25, 216 27, 551 307, 759 


¢o-e-IlI 


PSA Sle ee 798 714 770 723 751 742 836 836 770 789 798 863 9, 390 
POALS? fedeee htothates 1, 989 1,779 1, 895 1,778 1, 872 1, 895 2, 083 2, 106 1, 919 1, 989 1, 989 2, 106 23, 400 
le Nas ak aie ee 8 1, 365 1, 256 1, 474 1, 511 1, 474 1, 492 1, 803 1, 838 1, 492 1, 456 1, 492 1, 547 18, 200 
Se Cee Ie hae, 920 816 897 874 955 1, 012 1, 081 1, 081 966 955 943 1, 000 11, 500 
SW a ig Aes aati eee 1, 340 1, 230 1, 340 1, 250 1, 290 1, 250 1, 280 1, 310 1, 270 1, 320 1, 330 1,470 15, 680 
ea eee ee = 2, 440 2, 230 2, 390 2, 320 2, 660 2, 780 3, 300 3, 140 2, 630 2, 580 2, 380 2, 570 31, 420 
Lo an ees eee 1, 550 1, 340 1, 490 1, 380 1, 630 1, 560 1, 570 1,590 1, 410 1, 440 1, 480 1, 660 18, 100 
PRA file oe ee 2 5, 870 5, 210 5, 530 5,020 4, 930 4, 670 4, 540 4, 690 4, 760 5, 260 5, 220 6, 200 61, 900 
POMEdh toe 8, 960 8, 040 8, 410 7, 740 7, 830 7, 380 7, 330 7, 590 7, 680 8, 010 8, 420 9, 410 96, 800 
PGA MAG se 5 scnatee oe: 10, 500 10, 000 11, 300 10, 700 11, 400 11, 800 12, 700 12, 900 11, 200 11, 200 10, 800 11, 500 136, 000 
Vile ee a 12, 300 11, 200 12, 400 11, 900 12, 200 12, 300 13, 200 13, 800 12, 700 13, 100 12, 500 13, 400 151, 000 
PONS Ss ee ces ee 3, 660 3, 370 3, 960 3, 770 4, 240 4, 610 5, 370 5, 330 4, 530 3, 910 3, 660 3, 890 50, 300 
on ae ne ee 
WEST Region....-- 51, 692 47, 185 51, 856 48, 966 51, 232 51, 491 55, 093 56, 211 51, 327 52, 009 51, 012 55, 616 623, 690 
1990 

SAA hase as 1, 598 1, 429 1, 542 1, 448 1, 504 1, 485 1, 673 1, 673 1, 542 1, 579 1, 598 1,729 18, 800 
PSAs I. <s bese 3, 850 3, 443 3, 669 3, 443 3, 624 3, 669 4, 032 4,077 3, 715 3, 851 3, 850 4,077 45, 300 
REY, eae ano 2, 535 2, 332 2, 738 2, 805 2, 738 2,772 3, 346 3, 414 2,772 2, 704 2, 772 2, 872 33, 800 
A a0 eM eh d 1, 728 1, 534 1, 685 1, 642 1, 793 1, 901 2, 030 2, 030 1,814 1, 793 1,771 1, 879 21, 600 
ACCOM te ae? sees 2, 420 2, 230 2, 430 2, 270 2, 330 2, 270 2, 330 2, 370 2, 300 2, 390 2, 410 2, 640 28, 390 
ek | ek ee Reet eee 4, 920 4, 490 4,810 4, 680 5, 360 5, 600 6, 610 6, 310 5, 300 5, 180 4, 780 5, 170 63, 210 
POA? 8 ae cee 1,970 1, 700 1, 890 1, 760 2, 070 1, 990 2, 000 2, 020 1,790 1, 840 1, 890 2, 080 23, 000 
POA ds tee es eae 11, 200 10, 000 10, 600 9, 630 9, 460 8, 970 8, 710 9, 000 9, 130 10, 100 10, 000 11, 900 118, 700 
iW ge VES | ene ees 16, 900 15, 200 15, 900 14, 600 14, 800 14, 000 13, 900 14, 300 14, 500 15, 100 15, 900 17, 900 183, 000 
aT? | ee eg re 22, 600 21, 300 24, 100 22, 900 24, 500 25, 300 27, 100 27, 500 23, 900 24, 000 23, 100 24, 700 291, 000 
POA ATES Oe ee ee 24, 300 22, 100 24, 400 23, 500 24, 100 24, 300 26, 100 27, 300 25, 000 25, 800 24, 600 26, 500 298, 000 
PAS an ee cece ie 7, 860 7, 250 8, 500 8, 100 9, 100 9, 890 11, 500 11, 500 9, 710 8, 390 7, 850 8, 350 108, 000 

WEST Region_-..-- 101, 881 93, 008 102, 264 96, 778 101, 379 102, 147 109, 331 111, 494 101, 473 102, 727 100, 521 109,797 1, 232, 800 


TABLE 6 


West Region—Peak Demands by Load Centers 


Power supply 


area 


[Dla i\i{o Se On eo sob capac woos mace 
Colorado Springs 
Montrose Grand Junction 
erat aR Re: ornim tn 0 copomononehad os cnx 
Unassigned. ..03:.5..5-2 ee ot aes eer 


Butte-Anaconda 
Billings (once) c.ce 5 Be eho w eo tenes onsen 
Helena-Great Falls 
Kalispell-Missoula 
Unassigned osc iis 05 ole se en ney elton ae ee 


Pocatellon: 5 ctorccn ce ea pore oi epee iene teen Re noe 
Salt Lake City 
Gedar City ® se: wis cen wy eee ie tem io ana rineton 
Unassigned... 2... (30 8 oc Seas et nae to egregee iaieenoee 


Tie wistOn ie icc arg dees en UL es oe er oer 


Peak demand—megawatts 


ee 


1970 1980 1990 

249 546 1, 100 

172 378 756 

121 265 531 

115 253 507 

58 128 256 
8 | SSS £6 

715 1, 570 3, 150 

1, 360 2, 700 5, 130 

423 839 1, 590 

223 444 842 

106 211 400 

18 36 68 
ws pee eee 

2, 130 4, 230 8, 030 

632 1, 230 2, 250 

685 1, 330 2, 440 

389 756 1, 390 

84 164 300 
Dee 

1, 790 3, 480 6, 380 

496 1, 040 1, 960 

539 1, 140 2, 130 


1, 035 2, 180 4, 090 
700 1, 240 2, 260 
175 312 563 
330 587 1, 060 
220 390 707 

35 61 110 

1, 460 2, 590 4, 700 
540 1, 080 2, 180 

1, 250 2,510 5, 050 
880 1, 760 3, 540 

86 172 350 
84 168 340 
Dia 

2, 840 5, 690 11, 460 

1, 740 2, 340 2, 980 
220 300 380 
230 310 390 


Unassigned. oo... sees te vn eo nle a puvieiale Fy ole eeiein isle pin Gia Bia aid gv Rltpinin sae) a'e 96 ie ices 
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TABLE 6—Continued 


Power supply { Peak demand—megawatts 
area Load center 
1970 1980 1990 

2s be a ee ae peattic= LacomiaA ger e ss, Tree UP ES, ghee 3, 440 7, 040 13, 500 
Bue UA teem N eT enccu As oc aeees «5 fale e imal 386 789 1, 520 

MOA ad Leen eee ON yee MO. TRIO « suxien cic Shee cP Po 444 907 1, 740 

Wy ce PS Sih yeti fen emu, Dee eee t/a alee 1, 400 2, 860 5, 470 

TRC a i fee Wcoateh ) Rad I 2 ee ia a 90 184 350 

PRON Retire i: <coedans © Ae cements ane Rngeta atm ia aan 5, 760 11, 780 22, 580 

me mere. POVUANG we oN. ats mists SMe ise cs Cave poe delhes DN oOU 10, 400 19, 700 
UG COG ey EC els os drs ee bu es Sate paw ares 1, 450 2, 840 5, 360 
BROROOUPS a NICO sr tet ic he Rae ako Gee he Ee 1, 330 2, 590 4, 880 

ae OMT Re rere I ee es has shoe LORS he ae 625 230 PL BAKO) 

RU ASSHEMCOL ED cotta cores Oe Ce RE TN ws Med Os WES 340 650 

UO GCAN SEM ee MEMEO as A fed ie ete aks toa a 4 a 8, 930 17, 400 32, 900 

1 Oe can See SAMUEL ANCISCO OMT. commicncrevele ohn ok oe ode na all 5, 060 10, 900 23, 300 
ACE ATICINLO IF Cy MEME scree ek okey osle sca gk aw a 2, 370 5, 090 10, 900 

1 ANSE fg 08 ato ey es ea, Sg on a 1, 970 4, 230 9, 060 

| Se ECs AAR GN Os ae 2s Om a A 320 690 1, 480 

Ive o04 CNRS Be temo acy ae ee ee oe a 815 1, 760 3, 780 

Unemenitaarael., 5 Sn ae 5 oe pete ee ae 665 1, 430 3, 080 

LS ies SONEE RE c2d SEe e 11, 200 24, 100 51, 600 

ah, Cn ILS CS ONES AE eae EAN ns ae ee 9, 150 19, 100 37, 800 
Hye DY heyy cit a Mahe On OS EE aes i a ee 12110 D2, BPAY) 5, 020 

aL DCLOATGIND Smile Seine, Wins Gicsare 4 A adn ere aleve bs 1, 704 3, 600 7, 200 

NRSC E SY, <n ae i RO 530 1, 100 2, 200 

RANA eae eae Cf a Rts WEY, eat iyrs, Rs oes a ayskenx Sie we kod « 365 750 OO 

Ba WIC oer nrg yard is ae ceased dine EM as an cs es 155 320 640 

COTES gov 8 A Al oe oy ORG a ae ne 150 310 630 

TESTIS) 3 9 ase Sk are Re ge ne a a 13, 300 27, 700 55, 000 

to. 6 He OSA Aiea te ee Se Seco Ee ers usin: Scns & aoa, @ 2, 000 4, 260 9, 180 
“TEER MAG Blo s Oar ORT a ean renee ee 668 1, 420 3, 060 

VARGO cid of WEDS ee OO ean ee 908 1, 940 4, 160 

WASBN CAS Seren yt peo ae Pan eis aca ceteee sy h omcab aliens six Re lel 688 1, 470 3, 160 

SARS SEs Sh ag ee ee ee 226 480 1, 040 

SEE rt MI ge lic bse Sica st vat = fa nals rw a ats 4, 490 9, 570 20, 600 

RC tte Ph FE AAI Fc tho wtsdNe PLMw cave ee nena 55, 840 113, 240 224, 240 


Note: Total peak demands for Power Supply Areas & Region are non-coincident. 
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PSA 
PSA 
PSA 
PSA 
PSA 
PSA 
PSA 
PSA 
PSA 
PSA 
PSA 
PSA 


PSA 
PSA 
PSA 
PSA 
PSA 
PSA 
PSA 
PSA 
PSA 
PSA 
PSA 
PSA 


PSA 
PSA 
PSA 
PSA 
PSA 
PSA 
PSA 
PSA 
PSA 
PSA 
PSA 
PSA 


TABLE 7 


West Region—Past and Estimated Future Energy Requirements by Class of Service 
: [Gigawatt-hours] 


Rural Street Electrified Total to Total 
Area and Com- = Indus- and __ tramspor- All ultimate Losses energy 
residen- mercial trial highway tation other consumers for load 
tial lighting 
1965 
“Ne a 624 398 1, 306 mo ie 8 121 2, 480 373 2, 853 
De AO. s vse 2, 520 2, 449 L785 a 270 7, 123 667 7, 790 
BOS itlaed og ss e713 1, 286 2, 473 DD) nee ee oi 215 5, 742 710 6, 452 
SOs AG Ghoc eee: 1, 035 1,017 IY 43 1 474 3, 367 297 3, 664 
Uae Aa 1, 076 670 3, 966 39 85 121 Sy, CBy/ 673 6, 630 
RMS Re ety 5 tesa 3, 818 Oot 4, 200 70 0 131 9, 870 ez PLoS 
56 a O, oe 938 5, 486 38 29 183 9, 906 965 10, 871 
Ba I Ye Sc sew DBO 2, 764 7, 703 129 13 506 18, 450 1, 962 20, 412 
SERED WIT ces ots 9, 858 el? Ome 269 142 0 301 30, 699 2, 823 Soh, SIZ 
PREPARES ES cts aos 14 OD4 eam lle 30am 1 OF 072 357 63 1, 281 Ey ET RY | 4, 897 42,654 
ee ec a: 135588" 13,640" "115, 139 630 0 3, 487 46, 484 4, 645 D29 
2s te ee a 4, 730 Shy 1B) Oy 449 107 0) 2,473 13, 894 1, 558 15, 452 
WEST Region.. 64,383 43,207 72,645 1, 740 19] 9, 563 LO 29 eee OS ORG 212, 548 
1970 
1S eS ee 948 583 1, 980 UM et, eye apes 160 Ser Ale 542 4, 253 
ate EE AB Fh (5 cch0 48 4, 105 S200 2, 545 SO ao eee ee 350 10, 400 1, 100 11, 500 
esc: Als. «oH 4 2, 452 1, 850 3, 506 VEO eee 280 8, 170 1, 000 9, 170 
22. . 2's 1, 744 1, 347 1, 200 BO wetness 620 5, 000 426 5, 426 
U5 eS oe eee 1, 475 995 53120 50 75 185 7, 900 930 8, 830 
A. aan 5,145 2,450 5,980 95 0 200 13,870 1,810 15, 680 
EIN Nag eS idoers. & 2) (255) 3D 7, 070 45 25 210 12, 210 1, 190 13, 400 
SE SRP AEWA eho 10, 380 4,000 11, 550 155 10 755 26, 850 3, 450 30, 300 
APs SOS Cae Ten 14, 005 6,000 24, 680 215 0 400 45, 300 4, 400 49, 700 
SOs Poder ised s(tth af 21,765 15,400 15,800 530 365 2, 240 56, 100 7, 300 63, 400 
<n ae ene 19,240 19,100 20,000 930 0 Dy Do0 64, 800 7, 700 722500 > 
oe 7,515 4,610 5,080 165 jms 3,820 21,200 2,400 23, 600 
WEST Region.. 92,499 60,720 104,511 2, 546 475 14, 760 275,511 32, 248 307, 759 
1975 
CSP et eo alee Sn, We OU 850 3, 106 SE eed ct Since aca 210 5, OS Ge 6, 370 
Sees Oana Senne 6, 315 4, 400 3, 600 DANG) seis che ae 429 14, 950 1, 550 16, 500 
Seige eae 3, 468 2, 650 5, 045 11 Oi ence... 347 11, 620 1, 380 13, 000 
OOM ite ke ae} 2132 1, 870 if, Ss La 3 eS Re pee. 770 7, 368 612 7, 980 
QURAN ce dls, 28 I SS 1, 480 6, 620 65 65 285 10, 510 1, 230 11, 740 
alice tee eich dis: iat 6, 795 3, 640 8, 790 13) 0 300 19, 660 I, HO 7h PANY) 
De srs, 55.2 4, 190 1, 340 8, 550 DS 25) 240 14, 400 1, 400 15, 800 
Otte tar aecel sais & 13, 645 5,600 18, 000 195 10 1, 100 38, 550 4, 950 43, 500 
[ee ee 19-720 8,500 34, 600 320 0 540 63, 680 6, 120 69, 800 
UE a ee ee 39,430 Y2Z)200 — 24,.700 780 400 3, 990 82,200 10, 700 92, 900 
. tS See 21, 300 7267800" 275350 1370 OR 125200 95,100 10, 900 106, 000 
aoe, Sien Atich de ae aa 10, 520 6, 760 7, 480 240 0 5, 900 30, 900 3, 500 34, 400 
WEST Region.. 129,267 85,090 149, 694 3673 500 =. 26, 307 $94,531) 45,669 440, 200 


III-3-29 


TABLE 7—Continued 


Rural Street Electrified Total to Total 
Area and Com- _—_ Indus- and _‘ transpor- All ultimate Losses energy 
residen- mercial trial highway tation other consumers for load 
tial lighting 

1980 
PSA‘S Eta 2, 060 1, 210 4, 740 Cote ee 250 8,325 1, 065 9, 390 
PSA. 32: aes: cote 9, 287 6, 128 5, 020 280 Sw ee: 510 2) 225 2; 173 23, 400 
PSA [363.4 atari 4, 927 3, 650 7, 160 145 nee 418 16, 300 1, 900 18, 200 
PSAL39 Sandie 4, 322 2, 440 2, 708 220 2 Bee. 4 940 10, 630 870 11, 560 
PSAS30.jc.0 Beeson cerns Ja Y Pas) 2, 190 8, 540 80 55 440 14, 030 1, 650 15, 680 
PSALS Ig cee a ees 9, 060 5,410 12, 700 185 0 445 27, 800 3, 620 31, 420 
PSAB42 stresses: 4, 600 1,540 10,000 60 20 280 16, 500 1, 600 18, 100 
PSATAS Sache wechacse oe 17, 920 7,100) 227;,400 240 10 1, 630 54, 900 7, 000 61, 900 
PSA44-45 eRe 2 det 26,920 12,100 48, 100 450 0 730 88, 300 8, 500 96, 800 
PSAGCIG cc SOS 44,690 29,400 38, 600 1, 160 450 6, 000 120,300 15, 700 136, 000 
PSAGA] uo moaome core 38,960 37,600 36, 900 2, 050 390 =: 19, 800 135,700 15, 300 151, 000 
PSAS48. FPS aoa 14, 735 9,940 11,000 345 0 9, 210 45, 230 5, 070 50, 300 
ee 
WEST Region.. 180,206 119, 308 212, 868 5, 280 925 40,653 559, 240 64, 450 623, 690 

1985 
PSA: 3 ieee Seease 3, 042 1, 688 6, 890 OORT ie Sense 290 12, 000 1, 400 13, 400 
PSA 53215. <henens eee 13, 135 85/705 6, 840 S70 haceee sie 600 29, 700 3, 000 32, 700 
PSAS 36 fe. wan seep 6, 969 4,850 10,065 180g oe aes 496 22, 560 2, 540 25, 100 
PSAS9 34: cae ae cir: 6, 542 3, 160 3, 718 S504 re acre 1, 140 14, 890 1, 210 16, 100 
PSA: 30 iusto re 3, 740 3,250 11, 030 100 50 680 18, 850 2,220 21, 070 
PS AG 4 oc, a rice tel aaa 12, 030 8,030 18, 400 260 0 670 39, 390 Salle 44, 510 
PSAG AD Zoe oe ere 5, 060 1,750 11,650 65 20 o25 18, 870 1, 830 20, 700 
PSAV AS eine 1 eee oe 23,305 10,600 40, 000 285 10 2, 400 76, 600 9, 400 86, 000 
PSA 44-45........... 37,520 16,800 66, 000 600 0 980 121,900 11,400 133, 300 
PSAP A Gane tegen or 63,970 40,400 60, 500 1, 710 470 9, 050 176,100 22,900 199, 000 
PSACAT ee awe 55,560 52,800 49, 500 2, 990 450 30, 300 191,600 21,400 213, 000 
PSACAB Rona a 20,755 14,600 16, 300 485 O "147300 66, 440 7, 360 73, 800 
Ve A ee 
WEST Region.. 251,628 166,683 300, 893 7, 465 1,000 61, 231 788,900 89, 780 878, 680 

1990 
PRAY Sterns oie 4, 450 2, 300 9, 790 130 Sia aecee 330 17, 000 1, 800 18, 800 
PSASS2 23 cana 165235: 27765 9, 110 FAO Si ore 700 41, 250 4, 050 45, 300 
PSA@36254.55 6 eccaaes 9, 590 6,100 14,002 220) ait, Reece 588 30, 500 3, 300 33, 800 
PSAGS9. aw eels 9, 400 4, 130 4, 730 500: 3A Faas 1, 240 20, 000 1, 600 21, 600 
PSALSOs.8) iad tes S115 4,830 14, 250 135 40 1, 040 25, 410 2, 980 28, 390 
BSAC. non Sheraton es 16,050 11,920 26,600 360 0 1, 000 55, 930 7, 280 63, 210 
PSAF42 Uc eeadclens a: 5, 455 15.900) Pets. 150 75 15 S10 20, 970 2, 030 23, 000 
PSA C43 oe sale van. ence 30,010 14,500 57, 800 350 10 3, 530 106,200 12, 500 118, 700 
PSA 4445........... 51,850 23,500 90, 000 830 0 1, 320 167,500 15, 500 183, 000 
PSAVAG 2a. Abner oy: 91,000 55,800 94, 700 2, 500 500 =: 13, 400 257,900 33, 100 291, 000 
PSANA [27s Geen oan 77,710 74,000 66, 500 4, 390 500 45, 300 268,400 29, 600 298, 000 
PSAG4S |... eke 28,900 21,500 23, 900 700 Orme 2 24100 97,100 10, 900 108, 000 
WEST Region.. 347,765 233,245 424,532 10, 630 1,065 90,923 1,108,160 124,640 1, 232, 800 
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TABLE 


West Region—-Distribution of Total Energy for Load by Power Supply Areas 


[percent] 


PSA PSA PSA PSA PSA PSA 


PSA PSA PSA PSA PSA PSA West 


31 32 36 39 30 41 42 43 44-45 46 47 48 Region 
Rural and 
residential: 
ie Se oe 21.9 3823 26 22 162 343 29.7 35.9 2.4 948 266 306 230.3 
oh re 2 Ci cOa OZ ee IG 72.89) 2780 °° 343° 9982 93438 926,54 «81,9 «= 30.0 
TGS0 Se Re sok Zia So meee cy. Gee 17. 4a 28.8 25-4. 20,0 9 927.8 8 32.9" «25.8 2S 29.8 28.9 
(Ces eee Come 0. ee 4a 4s Go Nis Omen 4 9237 9hS 983 313 8986.1 26882 
Commercial 
oe ae 14.0 314 199 27.8 101 14.9 S50 ume la beeen 1 26.7" 20,3 «20.3 
Cl aoe ISGee ees. San 02) = ZEN 11.8 «| 1656 Soe ice eget | O88) 263, 195 19.7 
CO a ime Ree 22d ito, (117.2 Shel Aes es Tenn 209° 197 19.1 
0 eee iene IG OM 104 17.0, “18.8 Bay 12299 128° 1925 24s. 19.9 18.9 
Industrial: 
Odi eee Qsee2 oe ss.80 °° 218) 098 828 80.5 378 485 2.6 26 223 342 
1 ae AG Cee? Was 2 ee LSS Ole S8.20) 527) 382° 48629276 OL 84.0 
Ve ae ee 50.5 214 303 23.5 545 404 55.3 443 497 24 25 219 341 
(Cae ale ane beens 0) ened Aen OMS geEO. 2 ue 42 1, 057.2 487 «= 40:20 BD BOTT 8 
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C0) Soe eee 2.4 2.5 2.4 8.1 4.3 Le 2.0 3.3 12 6.6 169 211 8.3 
Total to ultimate 
consumers: 
19GB. ee 2 86.9 91.4 890 91.9 898 888 911 904 916 885 909 899 90.2 
Cie. a 87.3 9.4 831 921 895 9885 911 886 911 885 824 898 895 
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Total energy for load: 
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The West Region summer load curve has two also have two separate peaks with the evening peak 
separate peaks, with the system peak occurring be- load considerably greater than the mid-morning 


tween 1:00 and 2:00 p.m. and with the secondary 
peak between 7:00 and 8:00 p.m. due to the early 
evening residential loads. The three PSA’s follow a 
similar pattern; however the peaks for PSA’s 32 and 
43 are at different times. The winter load curves 


peak. The summer peak represents a smooth curve 
indicating high demands over a long period of time 
while the winter peak represents a sharp curve for 
the system peak. This also indicates the seasonal 
effect on system peaks. 
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WEST REGION LOAD FORECASTS 
1965-1990 


Summary 

The staff in the San Francisco office of the 
Federal Power Commission, under the direction of 
the Regional Engineer, has prepared a forecast of 
the use of electrical capacity and energy in the West 


Region by five-year intervals from 1965 to 1990. A 
summary of this forecast of growth in electrical 
demands, which is indicative of the need for adding 
Capacity to meet these anticipated future loads is 
summarized briefly on the following table. 


Federal Power Commission—West Region * 


Regional grouping—power supply areas 


V & VI Vil Vill 
Peak Demand, Mw: 
ere eat: sho Geiss Gy Ae tht b aishh FOG ISS wah ee ee 3, 896 1A 537, 19);333 
INL Lo ug 4 cig nt SN alg 8 EY 3, 791 20, 900 28, 200 
ee SONY nhs Oe ocd Oe alae begin Ss Gysug clad ole ea as 8, 034 28, 900 40, 500 
ee Teena rosttrie Pete Fins Gi Sis gore wt, Soe shale dyer nie oss. 0/9 Hoa mo 10, 767 39, 800 58, 400 
eh ce RC Rae GES ke Dh ewe de 14, 214 54, 400 84, 300 
Ree ee ete Petes AP hu vleh ois, ciate eds 2G klik aa se ds 18, 528 74, 300 122, 000 
Annual Average Increase, Mw: 
ORE Me MMe evi Minne le Unis Calin Ske ne ot oy ee ld 319)0 [272.16 YM Res 
ee OE ut: HAC: MEME. SOT Mts lay te hgint alerts cee bg as 448. 6 1, 600. 0 2, 460. 0 
ON ren tte cartier Sst sane ang bees < areluges ves bo ss 546. 6 2, 180. 0 3, 580. 0 
EL SNC cl pet a RS AD CA el ERED a 688. 8 2, 920. 0 5, 180. 0 
2 EO PI ok rh g Send St mea gee 863. 4 3, 980. 0 7, 540. 0 


1 Percentage growth rates and data by power supply areas are shown on Tables A, B, and C of Appendix A. 
Demand data presented here and in Tables A, B, and C were revised as a result of this and other reviews. See Table 4. 


Appendix | for revised demand data. 


Subcommittee Review 


The area covered by the staff study is indicated 
on the map (Chart A, Appendix A) showing that 
part of the western United States which for this 
purpose was designated the West Region, the 
boundaries of FPC Power Supply Areas involved, 
and the combination of P.S.A.’s which are grouped 
for study purposes into FPC Power Supply Regions 
vey Vil) and VIII. 

The staff forecast was prepared essentially by 
trending recorded kilowatt-hour sales data by major 
functional classes of use, and by power supply 
areas. Although certain modifications to the indivi- 
dual estimates were made as seemed proper to 
recognize significant local conditions, certain other 


local factors referred to in the comments by areas 
were given insufficient recognition. The sales fore- 
casts for each five-year period were accumulated to 
a power supply area total and then used as the basis 
for deriving a peak demand and load factor esti- 
mate. The demand and kilowatt-hour estimates 
were then combined into the power supply region 
estimates. 

To assist the regional offices, the Bureau of Power 
prepared and issued a comprehensive set of “Guide- 
lines” which was issued June 3, 1966, and supple- 
mental criteria for use in field studies under date of 
September 3, 1966. 

Since the power supply area boundaries in most 
cases coincide with boundaries between areas 
served by major utilities or groups of utilities, and 
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since members of the subcommittee were well dis- 
persed geographically, it was decided that the sub- 
committee would not attempt to audit the staff 
forecast in detail, but would check the estimates by 
power supply areas against similar forecasts avail- 
able in the local areas. Detailed responses were re- 
ceived from subcommittee members or from utility 
representatives in the areas and are reflected in 
revised estimates in Table 4. 

Inasmuch as the Guidelines and criteria pre- 
scribed by the Bureau of Power could have signifi- 
cant impacts upon the forecasts, members of the 
subcommittee were invited to submit such observa- 
tions as they deemed appropriate concerning the 
basic assumptions. 

The remainder of this report is devoted to a sum- 
marization of the comments and conclusions of 
the subcommittee as a result of this review of the 
staff forecasts. 


Forecast Methods 


It is perhaps timely to start this review with a 
reminder that a conclusion can have no greater 
accuracy than that of its least accurate constituent 
element. In the development of electrical systems, 
Action Planning, that is, the preparation of designs, 
placing of orders, and construction of facilities, falls 
in a time period of five years or less for the great 
majority of plant additions. Some hydro projects 
and some new developments such as initial nuclear 
generating stations could run somewhat longer. 

Because load growth forecasts must, as a routine 
activity, be prepared in connection with these ex- 
pansion programs, most utility operators have sub- 
stantially greater confidence in and place greater 
reliance upon the short-run five-year forecasts. Be- 
cause the longer range forecasts of necessity require 
more sweeping and more generalized basic assump- 
tions, and because over the years, experience has 
shown that subsequent events can and do depart 
materially from earlier plausible inferences, the in- 
dustry is inclined to look upon longer range fore- 
casts as much less precise and subject to much 
larger margins of error. 

This background against which load forecasts of 
electric system requirements are prepared and 
evaluated suggests two fundamental points which 
should be made clear in reports to the general pub- 
lic, whose experience does not normally prepare 
them to so interpret the results. First, any report on 
load forecasts should make it perfectly clear to the 


reader that any forecast of a quantity of power 
or energy twenty years hence, even under the best of 
circumstances, probably has a range of accuracy 
which would permit relatively large variations in 
the answers. Secondly, an independent check made 
of such a forecast which produces results which fall 
within this reasonable accuracy range, is consid- 
ered a corroboration of the forecast being tested. 

The desirability of the staff use of individual con- 
sumption categories as a basis of trend forecasts for 
the longer range period was questioned by a number 
of members of the subcommittee. The consensus was 
that while forecasts by individual classes of service 
were useful for five-year forecasts or even for 
10-year projections, because developments within 
classes which affect the trends were so obscure or 
unpredictable beyond those periods, that longer 
range trend assumptions were open to substantial 
question, were of doubtful accuracy, and could be of 
limited utility. Consequently, answers based on such 
procedures for the long-term could have imputed 
to them by the lay reader a much greater accuracy 
or plausibility than the underlying data would 
justify. This is not to say that the use of such 
methods as a check or test procedure might not be 
useful or desirable in certain cases and could add to 
the fund of information generated by the forecast- 
ing effort. 

One further caution that should be observed in 
attempting to segregate sales data by classes of 
customers and, more particularly, categories of use 
is that modern tariff design for many years has been 
trending away from rates designed for specific types 
of use and has been directed toward rate schedules 
that imposed proper charges for the characteristic 
of the service on the utility side of the meter. Sched- 
ules of that character relieved the utility of the ma- 
jor job of policing customer’s activities and permit- 
ted further simplification in rate form. As is obvious, 
however, it makes much more difficult any attempts 
to identify certain classes or kinds of load in histori- 
cal records for the purpose of deriving trends. Two 
examples of this difficulty for one of the major com- 
panies can be stated briefly. A large part of the 
agricultural service is served on an agricultural and 
pumping schedule. In addition, the domestic 
schedules permit domestic farm service to be served 
through the domestic meter. If the farmer should 
find that lower rates could be obtained by using 
what is generally thought of as the Commercial or 
Small Industrial schedule, that also is available. 
Concurrently, the schedule which is used for heavy 
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agricultural pumping is also available for use on 
water supply systems. Domestic water companies, 
both privately-owned and governmental operations, 
are eligible for service. With such intermingling of 
both kinds of uses and classes of customers, broad 
summarizations for large areas involving many 
companies are, to say the least, suspect from the 
beginning. 


Forecast Assumptions Used 


To the extent that the staff forecasts may have 
been affected by some of the prescribed assumptions, 
the subcommittee also considered the validity of the 
assumptions. The field staff was instructed to use 
an annual rate of increase in the Gross National 
Product of 4% in 1958 constant dollars. The Joint 
Economic Committee of Congress advised the FPC 
to use such a figure for the period 1965-1975. The 
Bureau of Power arbitrarily adopted the figure for 
use for the balance of the study. A review of the his- 
torical GNP performance between 1946 and 1965 
indicates an annual average increase of 3.32% and 
a compound rate of growth of 3.25%. Over a 25- 
year period, the difference between a 3.25% rate of 
growth and a 4% rate is 20%. While this may not 
be a significant difference on a percentage basis, a 
difference of that amount in Region VIII in 1990 
would be 12,000 Mw, or more than half the total 
peak demand in 1965, which can be seen by refer- 
ence to the summary tabulation. 

Another example of an underlying “assumption” 
which could seriously affect the forecast results is 
the recommended use of a 5% annual growth rate 
for the Federal Reserve Board Index of Industrial 
Production, a rate for use in the the period 1965— 
1975 also suggested by the Joint Economic Com- 
mittee. Instead of using this growth rate at a con- 
stant level, the Bureau of Power instructed field 
offices to use a rate of 424% for the period 1975- 
1985 and a 442% rate for the 1985-1990 period. 
An analysis of the historical data indicates that the 
average annual increase between 1947 and 1965 was 
4.26% and the range varied from a high of 11.0% 
in 1964-1965 to a low of —7.0% in 1957-1958. A 
compound rate of growth of 4.42% defines the his- 
torical change from 1947 to 1965. 

In the 1964 National Power Survey and in the 
Guidelines issued in connection with this present 
revision, considerable attention has been focused on 
the potential for cost reduction in a number of areas. 


While such cost reductions may appear to be at- 
tainable in the future in terms of constant dollars, 
it is strongly emphasized that the effect of cost 
savings on rates could be offset by continuning in- 
flation. Furthermore, reductions in production costs 
do not have a proportionate effect on costs at dis- 
tribution sales levels. Cost increases associated with 
locating production facilities in areas more remote 
from urban developments to improve aesthetics or 
to achieve air pollution reductions and the poten- 
tially heavy cost of putting distribution facilities 
underground to achieve “beautility,” all of which 
are expected to be accompanied by persistent, if not 
increasing, inflation, suggests the strong possibility 
that prices for electricity will have a greater ten- 
dency to rise than to fall. Even so, the effect on sales 
should be negligible, for there is little or no evidence 
of a direct relationship for most classes of service 
between the cost of electricity and its volume of use 
at prevailing rate levels or at rate levels which may 
result from the cost changes discussed above. As the 
1964 Survey correctly observed, the use of electricity 
can be influenced more significantly by the cost of 
utilization facilities. 


Forecasts 


The specific comments of members of the subcom- 
mittee or local utility representatives in the several 
power supply areas can be summarized succinctly 
in the following comments. The complete response 
is included in the Appendix. 

PSA 32.—The staff forecast for the period 1965- 
1980 is substantially correct. The forecast for the pe- 
riod 1980-1990 appears to be a little low. It appears 
that a more reasonable annual compounded rate of 
growth for this period would be 6%. 

PSA 39.—The staff forecast indicating a gradual 
leveling off in rate of growth appears reasonable. 
1965 data used compares closely with recorded data. 

PSA 42, 43, 44, 45.—Data prepared by the Load 
and Resource subcommittee of the West Group of 
the Northwest Power Pool, while not entirely co- 
extensive with the staff forecast areas, tends to sup- 
port the staff trends. However, in two specific areas 
there may be some question about the results be- 
cause of faulty assumptions. In one case the dis- 
tribution of population by power supply areas for 
subsequent years is assumed to be the same as the 
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1960 distribution. This is contrary to recent experi- 
ence which is expected to continue. In the second 
case average use per customer is assumed to increase 
at a rapid rate not supported by the slackening 
rates of increase reflected in the 1950-65 data. 

PSA 46.—The test of staff load estimates was 
made by adding to the estimate for the P.G.&E. 
system, estimates for Sierra Pacific Power Com- 
pany, Modesto and Turlock Irrigation Districts, 
and pumping loads of the Central Valley and State 
Water Projects. In the first 10 to 15 years of the 
estimating period the increment of new pumping 
loads increases the total area rate of growth. In the 
latter part of the period the increment is smaller 
in relation to total load and depresses the total area 
rate of growth. For 1970 and 1975 the staff esti- 
mates compare very well with the composite utility 
estimate. In 1980 the two estimates begin to depart 
from one another and by 1990 the staff estimates are 
19% higher for energy and 23% higher for peak. 
The reason for this divergence is the basic growth 
rates reflected in the utility estimates of 6.9%— 
1975-80; 6.8%—1980-85 ; 6.7%—1985-90, which 
were reduced somewhat by adding the pumping 
load increments as contrasted to the growth rates 
of almost 8% used by the staff. 

PSA 47.—The staff estimated rates of growth for 
1965-1990 may be optimistically high because of 
recent changes which may indicate a permanent 
alteration in growth trends involving decreased in- 
dustrial development, decreased job creation, and 
slackening of net in-migration. An analysis of the 
staff category of use “ALL OTHER” where it is 
assumed the energy used for pumping in the State 
Water Project aqueduct is included, suggests that 
the forecast may not adequately reflect this latter 
load. A graph showing the estimate for the cate- 
gory after being reduced by pumping requirement of 
the State Project indicates that growth would be 
suspended for other uses in the category from 1970 
to 1975 if in fact the pumping requirements were 
not omitted. Some verification of this apparent dis- 
crepancy seems justified. Increased use per customer 
and state pumping loads which tend to offset the 
adverse factors lead to the conclusion that at least 
for the present the staff estimates may be used. 

PSA 48.—The staff estimate for PSA 48 appears 
to be reasonably accurate and should not be changed 
at this time. 


Area Trends of Significance: 


PSA 39, 48.—Large new coal mining installations 
as a source of fuel for electric generation at both 
minemouth locations and at the most convenient 
nearby source of cooling water have brought into 
existence factors which can significantly change the 
rate of industrial growth in certain areas of the 
southwest which have heretofore not had such an 
abundance of the essential ingredients for expan- 
sion. Almost all of the basic resources for power gen- 
eration are, however, subject to heavy conflicts of 
one type or another, and the rate and extent at 
which the growth potential will be realized is not 
at this time at all clear. Fuel and transportation 
economics, air and water pollution, competitive uses 
for land and water, and many other factors must be 
resolved project by project and item by item 
before sound and acceptable arrangements can 
be concluded. 

PSA 42, 43, 44, 45.—It is anticipated that winter 
loads will continue to increase as more electrical 
space heating loads are added. Substantial increases 
in industrial loads are also expected which add load 
on a fairly uniform year-around basis. 

PSA 46.—Increases in air conditioning loads in 
milder climates, because of its growing acceptance 
as a necessity, will increase summer loads which will 
tend to maintain predominantly summer peaks in 
Area 46. In other areas this could influence shifts 
from winter to summer peaks. Electric space heating 
is expected to increase, but will depend upon com- 
petitive pressures from fossil fuels. The extensive 
use of nuclear generation could have a favorable 
effect on production costs and may offset some of 
the adverse cost effects of underground distribution. 

PSA 47.—The rapid acquisition of a number of 
new and remote sources of capacity and energy 
raises many interesting problems with respect to 
operation of integrated systems, costs of resources 
at load center, and system operating reliability and 
economics. Canadian exchange and Pacific surplus 
capacity and energy, transmission for more than 
1,000 miles over new 500 Kv A.C. and 750 Kv D.C. 
lines, dependence on high load factor large size coal 
units 300 to 500 miles distant by 500 Kv A.C. lines, 
new large-size nuclear units, both single purpose 
and dual purpose (with sea water desalination) all 
involve operating and economic consequences which 
will become known with accuracy as experience is 
gained in their operation. 
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In distribution areas, continuing trends toward 
greater use of underground facilities and continued 
increases in the average use per customer in residen- 
tial installations are anticipated. 


Recommendation 


It is recommended that the San Francisco Re- 
gional Office review and revise its load estimates 


356-240, O—70_21 


in the light of the comments presented under the 
earlier heading, FORECASTS.1 


*In connection with this recommendation, the Com- 
mission Staff, on April 28, furnished the Committee with 
revised figures for Power Supply Areas 46 and 47, which 
reduced the estimates of demand in Power Supply Area 
46 by amounts 2% or less than the January estimate, and 
increased the demand estimates of Power Supply Area 47 
by amounts of 2.6% or more. 


III-3-39 


APPENDIX A 
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Regional and Area Boundaries 
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TABLE A 


Federal Power Commission—Regional Groups 


V & VI Vil 

Peak Demand, Mw !: 

1965 « c.'a-0 iin ahhate Se ee pee eee anters Sleniete Rapa eae 3, 896 14, 537 

1970 icc coud Cares atte oo er ee ene 2, 791 20, 900 

i pe er errr meee mo hee no ttinone Qiu es ae 8, 034 28, 900 

TOBO fois seo ¥ Recs ee Seas guets Se eee in ee eee a 10, 767 39, 800 

LOSS ii acws dn cae Sostats ER ce a ee ee Gente eee ee 14, 211 54, 400 

1990. ows tok, 28 edb at AON nem ebercaie eee Oe eee ree 18, 528 74, 300 
Annual Average Increase, Mw: 

1965=1970. 23h fA cd Wad ans Geter as Senne er eee eon 379.0 1; 272.6 

VOTO 1975 oes fase leat hog A ee an ee 448. 6 1, 600. 0 

Sy does 6231) Pera RCe IMO RC roe © Sinidesrenoinnrn machen & 546. 6 2, 180. 0 

1980=1985 28.c0-0 A whee ore © Sie cipenvaly ehales wake oni pushed ch eee oan a 688. 8 2, 9202.0 

1985-1990) cscs ccuki en da oes Ree SOE Gk dea ero ceees 863. 4 3, 980. 0 
Annual Compound Rate of Increase, %: 

19G5—1970 sce Se oe bs onl aces Pee oe eae ee ee ee 8. 25 i593 

L9O7OR197 Se iro x cheese en Aw Oe GAR sect ae aa eee 6. 77 6. 70 

1975=1980 ) o3c0 Gee. 8 sd Raed Poke eae re eke ee came ae cera 6. 03 6. 61 

1980=1985 oc ce cichvadin oN leew tiers seeder Mieke estate ites ee toe 6. 45 

19851990. ou Pes 25 vs 5» He Bree ent gas on Pos acer ea 5. 45 6. 43 

1 Demand data in this table have been superseded. See revised data in Table 4, appendix 1. 

TABLE B 
Federal Power Commission—Power Supply Areas 
30 31 32 36 39 

Peak Demand, Mw!: 

FOG haces ic pews alae a ee ast oan ache ee a 1, 090 474 1, 497 1,238 687 

L970 oii50. Seah Seneble Biate src ates eee 1, 460 704 25271 ets 1, 041 

LTD Since s avec hers kaos meee Are eae a ee 1, 940 930 S150 2, 380 1, 569 

VOB Oe 5.5.0 Goss aed penis aes tees ot ae eee er ee 2, 590 L193 4, 226 3, 089 2,200 

JES Cerne enietar peste hE Nee oun Nun un eete c otKe 3, 490 1, 505 07005 3, 991 3, 160 

|S (o.0 Mee eee eee naar RPh ie Sra ae ae NaN cles 4, 700 1, 880 7, 190 3, 190 4, 268 
Annual Average Increase, Mw: 

1965-197 Oc rake inant ied See ar 74.0 46. 0 154. 8 107. 4 70. 8 

197 O=19 75 eo cr 5 ach ale es ae nT 96. 0 45. 2 176. 8 121.0 105. 6 

VO7 51980 '; . acetuagaeastn «tye nts eee ae aay anes 130. 0 52. 6 214. 2 141.8 138. 0 

1980-1985 5.3 sc alee ded tees See meta ae aaa ee 180. 0 62. 4 265. 8 180. 4 180. 2 

1985 = 1990) ans aie ale a A ogee eee 242. 0 LOO $27.0 239. 8 221.6 
Annual Compound Rate of Increase, %: 

1965=1970 nk, iy k oces atte ad ol eee eee 6. 02 B25 8. 69 7.47 8. 67 

197031975 Dee sows avons ce anaes 02.00 onto 6. 80 6. 04 8. 55 

POF G1 OBO iss aeraua tea nce es atte Pate OE Oe ea 5.90 dell 6. 02 D230 7. 56 

L980 TOSS inte a: hrwintr om SENG wha nee eeeeenees 6.15 4. 76 5. 62 5. 26 6. 94 

LB TOO ssa an tem wee meee ae ge 6. 13 4, 55 B00 9,39 6. 20 


1 Demand data in this table have been superseded. See revised data in Table 4, Appendix 1. 
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LORS 53 
28, 200 
40, 500 
58, 400 
84, 300 
122, 000 


41 


2, 044 
2, 840 
4, 020 
5, 690 
8, 060 
11, 460 


159.2 
236. 0 
334. 0 
474. 0 
680. 0 


TABLE C 


Federal Power Commission—Power Supply Areas 


42 43 44-45 46 47 48 
Peak Demand, Mw!: 
ODS « ahs siete a i 1, 562 4, 048 6, 013 77035 9, 451 2, 941 
ERE ge es ce ER teed GW Re SIRT. MBAR 2, 190 5, 760 8, 930 11, 400 13, 300 4, 480 
OR a re ee sey, crea iets Sts Oe) oe PRs, SR wars 2, 580 8, 280 12, 550 16, 600 18, 800 6, 540 
SER OR Gd ree! Fis petal too). Saray ele sides tet 2, 990 11, 780 17, 400 24, 300 26, 700 9, 560 
OA ne erlang ee a 3, 380 16, 360 23, 960 35, 600 37, 900 14, 000 
RN 8 he ee ee ec eatin 8 Ge alg 3, 750 22, 580 32, 900 52, 200 53, 600 20, 500 
Annual Average Increase, Mw: 
Sy tS ital tee pee Be nn a 125,.6 342. 4 583. 4 do2ee 769. 8 307. 8 
OT 5 OES A ek ee ee A 78. 0 504. 0 124,00" 1, 64020" "E100. 0 412.0 
Oe Phe Reo ccationr me aapharelyep ts der 74. 0 700. 0 970.0 1,540.0 1,580.0 604. 0 
Coe MES ss SB eG eS oe ee 86. 0 O16, Oey Iy412,.0 9o-2726070 22,240, 0 888. 0 
A ceed bet ‘ot Renae 74.0 1,244.0 1,788.0 3,320.0 3,140.0 1,300.0 
Annual Compound Rate of Increase, %: 
Seven OU Me. TP sk Th rls INS AG EG 6. 99 deol B.23 8. 34 7.07 8. 78 
CESS a 20 ono alka co EE 3.735 7 7. 04 7. 81 i, bd 7. 86 
UTR ON hes anetine ats laa tae Oe ode 7931 6. 75 1292 Tad 7289 
Oe eR NE ec oe eee ii nas suena bony 2 2. 76 6. 79 6. 61 7. 94 7326 FES 
(Leo LL ii Palen tet Alla tala area ea ne a ane ar ae a 2710 6. 66 6. 55 7..96 7.18 (RES 


 —— 


1 Demand data in this table have been superseded. See revised data in Table 4, Appendix 1. 
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APPENDIX 2 


ENERGY SUPPLY AND DEMAND 
FOR THE WEST REGION 


Prepared by Task Force on Fuels (Subcommittee on Generation) 


A. Summary and Conclusions 


The principal results of the National Power Sur- 
vey 1968 review of fuels for electric generation made 
by the various electric generating utilities located in 
F PC Power Supply regions VI, VII and VIII which 
collectively comprise the West Region for the Na- 
tional Power Survey, are shown on the following 
tabulation. 

The survey disclosed that by 1990 total use of 
energy is expected to more than double, electric 
generation will increase five-fold and production of 
electricity by thermal plants will increase by a factor 
of 10 or more. This growing demand will require a 
raw energy input of 22,608 trillion Btu’s in 1990 as 
compared with 10,721 trillion Btu’s in 1970. See 
summary table below and Table 1, Appendix 2. 

Total estimated recoverable energy reserves in 
the West Region are about 25 times greater than the 
cumulative projected requirements to 1990 thus 
indicating internal energy self-sufficiency. Coal com- 
prises about 56% of this reserve but is expected to 
furnish only about 10% of energy used by 1990. The 
remote location of many of the coal deposits from 
load centers is a basic reason for estimates of its 
relatively low use. The coastal states are expected 
to make increasing use of nuclear reactors to supply 
energy needs while the Rocky Mountain states con- 
tinue to utilize coal. 

Although the selection of alternative fuels is an 
economic one—finding the lowest cost supply—the 
selection is constrained by limited availability of 
cooling water and by many public policy decisions 
including oil imports, pricing of gas, environmental 
controls, and regulation of nuclear plant siting. Fuel 
mix projections based upon the current outlook, 
which is the transient resultant of the inter-reaction 
of such forces, are not valid beyond a point in time 
wherein a major change could develop in any one of 
such physical or policy determinants. This could 
be as little as five years from now. 

Individual fossil fuel prices are expected to in- 
crease during the forecast period. However, the ex- 


panding use of coal for thermal generation at lower 
relative costs results in an overall decrease of about 
0.5% per year in the cost of electric energy to be gen- 
erated. Nuclear fuel costs are estimated to decline at 
about 2% per year. It is expected that the fuel com- 
ponent (including nuclear fuel) of thermal genera- 
tion will average about 16 cents per million Btu’s of 
equivalent heat in 1990, as compared to 28 cents in 
1970, based on new plants in latter part of forecast 
period. 

That coal, the dominant proved energy resource 
of the West Region, will fall behind uranium as raw 
material for conversion to electric energy is a con- 
clusion based upon: (1) cost factors; (2) the very 
severe limitation on the amount of water available 
for mine-mouth plants or plants located outside of 
the metropolitan areas of the Southwest; and (3) 
air pollution control considerations which preclude 
the use of coal in the California load centers. Prog- 
ress in the development of dry cooling, EHV trans- 
mission, or clean fuel-combustion gas cycles may en- 


hance coal’s potential, but for the period of this 
study, the relative economics and policy considera- 


tions favor nuclear generation. One of the findings 
of this survey as compared with the 1964 National 
Power Survey is the change in projected thermal 
generation in the Pacific Northwest Subregion from 
substantially all coal to substantially all nuclear (see 
Table 7) . This change primarily reflects cost factors. 
Economically recoverable coal deposits are scarce in 
the vicinity of major load centers in this area. 

As to natural gas, while the ultimate recovery in 
the West and areas supplying the West is limited, 
projections of requirements, discovery, proved re- 
serves, and unproved or undiscovered gas remaining 
in the ground suggest that the electric utility in- 
dustry in contemplating the construction after the 
mid-1970’s of any fossil fuel plants proposing the 
use of natural gas as the primary fuel should care- 
fully study the then situation. The projections in 
this report indicate that plants constructed before 
then will have adequate supplies of gas but that 
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Summary of 1968 West Region Survey of Fuels for Electric Generation—National Power Survey 


1965 1970 1980 1990 
Quantity Percent Quantity Percent Quantity Percent Quantity Percent 
t of total of total of total of total 
1. Population (Thousands)........... Bay OUG I. tree SANOOOM Ee Le eee eo AOU fe ts Laie eye 4 Ear ae es 
2. Total Energy Use (10  Btu)....... 8, 904 100 10, 721 100 153585 100 22, 608 100 
% Consumed for Electric Gene- 
ATLOL ean ee Pee ett tore ied x giay oe as) y'oss Bs DLE MB hs SOE D0 eee eee BAS ee meancchs OA ayy 
% Consumed for Thermal Elec. 
COLE Ae ee 0 es ee a TT ie ae TE oe eae FL) os beak eT 43 
3. Total Elec. Utility Generation (Bil- 
EMIT oad. 22 tee ds AS. is eas 209 100 308 100 631 100 1, 205 100 
Thermal Elec. Utility Genera- 
tions (Billion, kwh) 2.0.05 2.3 89 43 149 48 447 71 1, 007 84 
4. Fuel Use for Thermal Elec. Utility 
2 SLI ee aR igea sewer ieee gee WO oe eee oe LOO Seer ts ore POC cpg ratetanareca 100 
(a) Coal (Thousand short tons)... 7, 729 14 15, 496 20 59, 264 28 98, 536 21 
(6) Natural Gas (Billion Cubic 
ee Chea bal rch iia Hopes siens 628 72 855 63 685 17 724 8 
(c) Uranium (Short tons U;Os3). 14 1 1, 027 5 82175 47 15, 640 67 
PeMUORAOIN SHOLt tO0S CDOs)... og oo mais +c oere was a ala ied ones oes ce See Coane 100 ] 
(e) Oil, No. 6 (Thousands bbl.). 18, 555 13 7, 705 4 TRA meres hc LAD5 Serer eee 
(f) Oil, Low Sulfur (Thousands 
Dil meeineen Aion Ao enereetes. wollen cues ies 16, 000 8 49, 375 8 46, 000 3 


5. Average Heat Rate, Fossil Fueled 

Thermal Elec. Generation (Btu/ 

ROM RNP Perea ke shops sinic sp 61% aoe + | ad 8 ib doer sai a DBO Supra gee mee as oe 6 ieee Meine 2 et fl 2 | ea a rere 
6. Fuel Price Estimates (¢/M ? Btu), 

excluding Transmission: 


eesGdal). Mago j.0. etry. $s 16 15 16 17 
ie iaranaliGas ..3 5 2.2: « 0 30 31) 34 36 
OSS least as oa 26 20 15 13 
MRMER ENF oan yc ngs ys ss ow ve ween Spe 20 15 13 
RMR ENO OW eer. kore cic Ss 32 32 28 32 
fe Ol Low Sulfur. i200 50082 ha aes 4] 42 44 


7. Fuel Reserves: 
(a) Coal (Million Short 
Tons, 1968).... 263, 230 
(6) Natural Gas (Bil- 
lion Cubic Feet, 


NOGO)) Sree ke as: 30, 464 
(c) Uranium (Short 

Tons U30Osg, 

NOGS hte eee | 148, 000 
(d) Thorium (Short 

Tons ThO,, 

RIGO ee ie os 5 100, 000 


(e) Oil, No. 6 (Million 

bbl., 1966) (15% 

of Crude & 

Shale Oil Re- 

SELVES tree 101, 026 
(f) Low Sulfur Oil 

(Million: bbl.) 6p ctcgew' 
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thereafter further increase should not be contem- 
plated. 

Nuclear energy is estimated to increase to about 
46% of thermal generation by 1980 and 70% by 
1990. This estimated increase is based upon the 
current outlook which favors nuclear generation 
partly because of air pollution considerations and 
lower costs and partly due to the economies of scale 
in the construction of large multi-ownership plants 
located close to the load centers. Although this 
appraisal may appear somewhat overoptimistic in 
view of the nuclear plant siting situation, the study 
did not find persuasive evidence that coal’s inherent 
disadvantages would be overcome through reduced 
production costs and development of clean fuel or 
combustion gas cleaning in time to alter the relation- 
ship during the time covered. Even with this sub- 
stantial growth, it is projected that costs of uranium 
concentrate may increase only $1.00 to $2.00 per 
pound by 1990. Nuclear fuel costs per kwh may 
actually decline if anticipated improvements ma- 
terialize in the fuel cycle and reactor design. 

The use of conventional domestic residual fuel 
oil is expected to be essentially eliminated in South- 
ern California by 1975. (Only about 5% of the 1975 
oil use is estimated to be conventional residual oil). 
This is because of air pollution control considera- 
tions and the higher sulfur content of conventional 
oil, most of which has been used in the Southern 
California area. The price of such conventional oil 
is expected to remain fairly stable because its pro- 
duction will be closely tailored to market demands 
by the refiners. 

Southern California utilities are being compelled 
to substitute low sulfur oil at an initial cost premium 
of 28% and the cost of low sulfur oil is expected 
to increase in the future at about 0.35% per year. 
The supply of low sulfur oil is thought to be ade- 
quate if a combination of some domestic production 
and imported oil, made available through Federal 
oil import control regulations in recognition of its 
need for air pollution control purposes, can be made. 
Federal oil import regulations are administered for a 
grouping of states called Petroleum Administration 
District V, which includes California, Arizona, Ne- 
vada, Oregon, Washington, Alaska and Hawaii. 
Substantially all of the oil and gas-fired generating 
units operated by the utilities responding to this sur- 
vey are in District V which also includes the require- 
ments for the State of Hawaii, estimated to be about 
five million barrels in 1970. Much of the Hawaiian 


oil requirements also will have to be satisfied with 
low sulfur oil because of air pollution control pres- 
sures. Because its low sulfur oil supply, along with 
that of the West Region, will depend upon District 
V oil import control regulations, Hawaii, and pos- 
sibly Alaska, might well be included in the West 
Region total resource-requirements picture. 

The mix of fuel used for electrical power genera- 
tion is influenced by changes in public policy in re- 
sponse to environmental controls, nuclear plant 
siting, water supply for industry, drastic short- 
notice changes in capital costs for certain types of 
generating equipment, transmission costs and tech- 
nological changes. Since all these factors affect fuel 
preference and thus the fuel mix, it is concluded 
that projections beyond about five years are not 
realistic. As an example, coal-fired plants located in 
Arizona and New Mexico are being considered and 
if prerequisites are met, would go into service in 
1974, 1975 and 1976. If required factors are not 
attained, other sources of energy would be used. 
Nevertheless, such forecasts are useful for general 
long-range planning of new generating plants that 
will be added during the balance of this century. 


B. Introduction 


This report was prepared by the Task Force on 
Fuels for the West Regional Advisory Committee 
of the Federal Power Commission. The West region 
essentially includes the eleven Western States and 
although the boundary as defined by the Federal 
Power Commission does not follow State borders 
(See Map 1), an attempt has been made to adjust 
data in such a manner that it can be presented on 
a State basis. For purposes of data gathering, the 
West Region was divided into subregions as follows: 

Northwest Subregion: Idaho, Montana, Ore- 
gon, Washington, Wyoming 

Rocky Mountain Subregion: Arizona, Colo- 
rado, Nevada, New Mexico, Utah 

California 

The purpose of this report is to present data on 
the distribution, production, and consumption of 
fuels in the West Region, particularly as they are 
used for electrical power generation. Historical data 
are presented in the accompanying tables and 
charts. In addition to historical information, future 
trends in the fuel mix are considered to the year 
1990. The increasing rate of change, both techno- 
logical and sociological, makes projection of the fuel 
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mix for electrical power generation hazardous 
beyond a five-year period. Data presented for 1975 
and beyond is to be regarded, therefore, as a fore- 
cast. As an example, the 1968 discovery of large 
oil and associated gas reserves in Alaska may have 
a substantial effect on utilization of fuel in the West 
Region. Such major findings completely change 
energy projections. Although the uncertainties be- 
come great beyond five years, such forecasts do serve 
a useful purpose. They show trends which, when 
analyzed, may call attention to forthcoming 
changes. Utility companies and others are thus pre- 
pared for such changes even though timing may 
not be exact. 

The West Region utilizes a complete mix of 
energy sources for electrical power. In the North- 
west Subregion, hydro power plays a very important 
role along with nuclear and coal thermal plants. In 
the Rocky Mountain Subregion, coal is the pre- 
dominant fuel, while in California, oil and natural 
gas with hydro power compose the fuel mix. As 
utilities in the West Region become more strongly 
linked by reliable interties, the fuel mix will become 
controlled less by local conditions and more by over- 
all regional changes in fuel cost and availability. 
Hydro power, for example, from the Northwest 
Subregion can now supply energy for California. 
Coal in New Mexico supplies energy used in Los 
Angeles. 

In this respect, the West Region differs from 
much of the rest of the United States. Water is in 
short supply in much of the region, distances 
between load centers are great, and fuel resources 
are frequently remotely located from use areas. As 
a result, transportation and transmission costs are 
vital factors in siting power plants, and, therefore, 
in fuel selection. 

Transportation costs for nuclear fuel is mini- 
mal—about 0.02 mills per kwh. Therefore, it would 
be expected that nuclear plants would be prime 
contenders, especially in the population centers on 
the West Coast. But nuclear plants have not been 
built at the rate predicted. Slow public acceptance 
of such plants close to load centers, the attitude of 
licensing agencies toward earthquake potentialities, 
and high capital costs have delayed construction of 
nuclear units. Even so, it is expected that nuclear 
fuel will account for an ever-increasing portion of 
total fuel use. 

Data on total energy use is graphically displayed 
on Chart 1 and differs from information presented 


in the 1963 Advisory Committee Report No. 18.1 
Such differences result, in part, from a change in 
the area covered as well as from changes in fuel 
use predictions. Noteworthy is the transposition of 
coal and nuclear energy sources in the Northwest 
Subregion during the five-year time lapse between 
the two studies. Coal, estimated to account for 
approximately one-third of the thermal generation 
by 1990 in the first study, is now shown as supply- 
ing only about one-fifth of the thermal generation 
at that time, with nuclear energy supplying most of 
the balance. 

Environmental factors are of steadily increasing 
concern to the electrical power producing utilities. 
They may, in some instances, override the normal 
competitive relationship of fuel supplies. In general 
though, it is expected that changes in technology, 
spurred by pressure supplied by environment (air 
and water pollution) regulations will tend to keep 
the fuel supplies competitive in the West Region 
throughout the forecast period. 


C. Assumptions 


1. U.S. population: up about 1.6% per year, 
reaching about 285,000,000 by 1990. 

2. Gross national product in constant dollars: 
up about 3.5-4% per year. 

3. Defense: at cold-war level. 

4. Business Cycles: fluctuations above and 
below long-run trend, with recessions simi- 
lar to those after World War II, but no 
severe depression. 

5. Air and thermal pollution controls: increas- 
ing at an accelerating rate. 

6. Technology: gradual rather than revolu- 
tionary changes. 

7. Public policy: expected to change in 
response to enviromental control demands. 

8. General price level: up about 1.5 to 2% per 
year, with fuel prices up slower and with 
long-run price level changes not being a 
decisive factor in the choice of fuels. 

9. Deviations from these assumptions: will 


tend to balance out. 


1 Advisory Committee Report No. 18 on Fuels for Elec- 
tric Generation in Western United States. Prepared by the 
West Coast Subcommittee of the Fuels Special Technical 
Committee, July 1963, published in Part II, National 
Power Survey, Federal Power Commission 1964. 
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D. Energy 


1. Energy use is a measure of economic pro- 


gress. In the relatively rapidly growing West 
(Table 2), the use of energy increased an 
average of 4.4% per year during the period 
1950-1965, compared with about 3.5% for 
the nation. The difference chiefly results 
from the more rapid population increase in 
the West, 3.0% per year as compared to 
1.6% for the nation. Due to ever-increasing 
efficiency in energy use, as well as relatively 
more rapid increases in the production of 
services than of goods, energy use tends to 
rise more slowly than total economic activ- 
ity. So in constant-valued dollars, the gross 
national product of the United States tends 
to rise somewhat faster than energy use. In 
the West Region, total personal income is 
approximately proportional to the value of 
total production and, in constant-valued 
dollars, such income rose 5.1% per year 
during the period 1950-1965 compared with 
4.4% for energy use. 

. Since population projections can be made 
to the year 1990 and beyond, with at least 
some degree of accuracy, and since income 
and energy use tend to have fairly constant 
relationships to population and to each 
other, it is possible to project all three to 
1990 as is done in Table 2. Due to a gradu- 
ally declining percentage rate of population 
growth, energy use in the West is projected 
to increase more slowly, declining from a 
growth rate of 4.8% a year in the 1950-1955 
period to 3.4% in the 1985-1990 period. 
(See Table 2 and Chart 1.) (The recent 
marked decline in birthrate in the United 
States must be closely watched. If it signals 
the beginning of a long-term trend, a num- 
ber of forecasts will require modification. ) 
. Table 3 indicates the major types of energy 
used in the West. During the 1950’s the 
use of coal declined, while all other major 
types of energy use increased. In the decades 
ahead, use of fuel wood will decline slightly 
while other types of energy will be increas- 
ingly used. Coal use in particular should 
increase rapidly, while nuclear energy use 
will, expectantly, show the fastest increase 
percentagewise since it begins essentially 
from zero in 1960. 
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. Table 4 puts all these types of energy on a 


common basis, in terms of Btu content, and 
shows that petroleum products accounted 
for almost half of all energy used during 
the 1950’s. The share of gas increased dur- 
ing that decade and by 1965 exceeded 36%. 
By 1990, it is expected that gas will have 
about 26% of the energy market in the 
West, down from a high of 38% in 1970, 
while petroleum slips to just over 25%. 
Hydroelectric generation will decline to 
about 9%, while coal and nuclear power 
each rise to 9% and 30%, respectively. But 
the absolute amount of gas and oil used will 
continue to grow until perhaps the end of 
the century. They will merely grow more 
slowly than the use of coal and nuclear 
generation. 


. Within this framework of overall energy 


use, the place of electricity changes con- 
siderably. Chart 3 and Table 5 show that in 
1950, 20% of the energy used in the West 
was used as electricity. By 1965, this had 
risen to 24%. An increase of about this 
amount was to be expected, since energy use 
increased 4.4% per year and electric gen- 
eration 8.4% per year, though the effects of 
the latter on energy use were partially offset 
by a 2.2% per year reduction in the heat 
rate or Btu’s required to generate a kwh. 
(See Chart 2). However, thermal genera- 
tion increased by 8.8% a year. Whereas it 
accounted for only 4.4% of total energy use 
in 1950, it accounted for 10.4% in 1965. 
These trends are expected to continue. By 
1990, total energy use will have more than 
doubled, electric generation more than 
quintupled, and thermal generation multi- 
plied almost ten-fold. Electric generation 
should account for 33% of total energy use 
by 1975, and thermal generation alone over 
20%. By 1990, although the forecasts be- 
come less reliable, it is expected that about 
52% of the energy used in the West will be 
used as electricity, with 43% being gen- 
erated in thermal plants. Thus, fuels for 
electric generation will account for an ever- 
increasing percentage of total energy use. 
Whether the economy can provide this 
much energy for electric generation, and 
provide it in a form suitable for this purpose, 
is a crucial question investigated in 


this report. Fortunately, the answer is 
affirmative. 


E. Energy Conversion and Heat Rate 


A factor influencing fuel use, i.e., the total fuel 
mix, is the ever-increasing efficiency of thermal 
generating plants. From 1950 to 1966, the heat rate, 
or quantity of thermal energy in terms of British 
Thermal Units (Btu) required to generate a kilo- 
watt-hour (kwh) of electric energy, decreased from 
14,033 to 10,384 in the United States. In the West 
Region, the reduction in heat rate closely paral- 
led that for the United States, moving from 14,494 
Btu in 1950 down to 10,412 Btu in 1965. (Nuclear 
fuel not included.) —~~ 

The last column of Table 6 reveals that, for the 
United States, the percentage reduction in heat 
rate has been steadily declining since the early 
1950’s. This decelerated reduction in heat rate has 
also been experienced in the other areas shown 
and is projected to continue through 1980. 

Further improvements in heat rates in the West 
Region are expected to parallel the average for the 
United States. However, long-term projections of 
heat rates are speculative. For example, the in- 
stallation of a greater number of large base-loaded 
nuclear plants than is now anticipated could cause 
the complementary conventional thermal plants to 
operate at lower, less efficient, load factors resulting 
in aggregate heat rates above the current level. On 
the other hand, installation of more large coal-fired 
plants than now contemplated (with their rela- 
tively low heat rates) could result in aggregate heat 
rates below those of present conventional plants. 
A further factor, tending to lower the aggregate 
heat rate in the West Region is the trend toward 
sharing, on the part of two or more utilities, the 
output of a large plant. Thus, the economies of scale 
can become available, even to small utility com- 
panies and fewer small, less efficient plants will be 
built. 


F. Energy Resources Mix for Electric 
Utility Generation 


Table 7 displays the historic and projected sources 
of energy for electric generation in the three sub- 
divisions of the West Region of the United States. 

While hydroelectric generation has satisfied most 
of the aggregate electric generation requirements of 
the West Region in the past and is projected to con- 


tinue to increase in absolute amounts throughout 
the forecast period, its relative share of the genera- 
tion has decreased from 78% in 1950 to 57% in 
1965. Thermal generation is projected to exceed 
hydro generation by 1975 and to satisfy an ever- 
increasing share thereafter. Oil and gas-fired 
thermal generation, which has represented from 
about 85% to 95% of the thermal generation from 
1950 to 1965, is expected to increase in absolute 
amount until about 1975 and to decline there- 
after—its generation requirement being eroded by 
more economic, base-loaded coal and nuclear gen- 
eration. Coal and nuclear generation sources are 
projected to satisfy the bulk of the increase in gen- 
eration requirements after 1970. 

In the Rocky Mountain Subregion, thermal gen- 
eration, which represented 75% of the total gen- 
eration by 1965, changed from predominantly oil 
and gas-fueled generation in 1950 to approximately 
an equal mix of oil and gas and coal-fueled genera- 
tion in 1965. The future increases are projected to 
be satisfied predominantly by coal-fired generation, 
much of which will be to satisfy loads in 
California. 

Generation in the Pacific Northwest Subregion 
in the past has been essentially all hydro. Along with 
development of the remaining economic hydro 
sources, increases in requirements are projected to 
be satisfied by increased nuclear and coal-fired 
generation sources. 

Thermal generation in California, which by 1965 
represented about 34 of the total generation, in the 
past has been essentially all oil and gas-fired. Future 
increases in requirements after 1970 are projected to 
be satisfied by increased nuclear generation within 
the state and coal-fired generation located in the 
Rocky Mountain Region. 

Table 7a shows electric generation by industrial 
establishments for the three regions and Table 7b 
shows the sum of the electric generation by electric 
utilities and industrial establishments. Electric gen- 
eration by industrial establishments has dropped 
from 7% in 1950 to 3% in 1965 of the total genera- 
tion; its relative share is expected to continue to 
decline, representing less than 1% of the total by 
1990 even though it is estimated to increase in 
absolute magnitude by as much as 60%. 

Table 8 expresses the thermal generation sources 
shown in Table 7 in terms of their thermal equiva- 
lent in Btu’s. Table 9 displays fuels, in terms of their 
customary units of weight or quantity measure, and 
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Table 10 shows percent distribution by sources of 
energy. 


G. Natural Gas 


Tables 11 through 13 and 13a set forth data on 
natural gas production, requirements, and consump- 
tion in the eleven Western States. New Mexico, 
California, Wyoming and Colorado are the major 
producing states with New Mexico exhibiting the 
greatest increase over the last five years. The overall 
production increase in the Western States during 
this period, is less than for the rest of the United 
States, both absolutely and percentagewise. 

The 1963 Advisory Committee Report No. 18° 
on Fuels showed a rapid increase in gas consump- 
tion in the Western States, particularly in California 
and the Rocky Mountain Subregion and this trend 
is continuing. Although the Northwest and Rocky 
Mountain Subregions export some gas, chiefly to 
the West Coast, the overall net supply for the West 
Region is below demand and it is increasingly de- 
pendent upon imports from Texas and Canada, 
Tables 3 and 12. In 1946, the West Region produced 
97% of its gas requirements, including losses and 
net additions to underground storage; by 1966 pro- 
duction had dropped to 69% of demand, even with 
substantial increases in production in the West 
Region during the period. 

The portion of the natural gas supply used for 
electrical generation in the West Region is shown 
on Tables 13 and 13a and on Chart 4. Use of gas 
for electrical generation has increased very rapidly 
since 1946, due largely to use in California, and is 
continuing to increase at a rate greater than for all 
other consumption. However, the rate is slowing and 
it is expected that by 1975 use of gas for electrical 
generation will level off or even decline in California 
as a result of pricing and supply factors, resulting in 
increased use of other fuels—coal, uranium and oil. 
Use of natural gas for other than electrical power 
generation is expected to continue to increase, but at 
a declining rate, throughout the forecast period. 


H. Future Availability of Gas 


Tables 14-19 provide an analysis of the natural 
gas supply available to meet the demand indicated 
by Table 13. Of particular interest is Table 14, 
showing forecast data on proven natural gas reserves 
and demand. Canadian exports to the Western 


2 Ibid., p. I1I-3-47. 


States are expected to average about 30% of that 
country’s proven reserves. This source, together with 
local and imported gas from elsewhere in the United 
States provides the West Region with its annual 
requirements. The  reserves/requirement ratio 
shown on Table 14 indicates the life of the reserve 
at the rate of use shown for given years. This ratio 
does not take into account two possibly offsetting 
factors—future additions to the reserves beyond 
those now conservatively projected and unantici- 
pated changes in future requirements. As a general 
rule, a ratio of 15 years or more is considered safe 
whereas below that level a future scarcity of gas may 
be anticipated by users, and plans should take such 
a contingency into account. As an example, a ther- 
mal electrical generating plant using natural gas 
should have alternate fuel supplies provided for if 
the reserves/requirement ratio drops below about 
15 years. Since the ratio applies to all requirements, 
including those receiving preference over electrical 
generation in the event of a shortage, the 15-year 
ratio leaves little margin for safety for a gas consum- 
ing utility. Table 14 suggests that such will be the 
case about 1975. The future situation could, of 
course, be eased by discoveries beyond those now 
projected. 

Estimating future reserves of natural gas is a 
most difficult undertaking. Upon the uncertainties 
connected with forecasting the quantity of any natu- 
ral occurring substance must be added the further 
complicating factors of cost and price. A reserve is 
only a reserve if it can be economically produced. 
Otherwise, it is a resource. 

Tables 15 and 16 present data on forecasts of 
ultimate natural gas supply. Table 15 shows low, 
medium and high estimates for the United States 
and Canada. The high estimate for Canadian gas 
includes potential production from the Northwest 
territories. Since this region is only slightly explored, 
the estimate is most speculative. 

It should be emphasized that the rate at which 
the predicted gas supply will become available for 
use and even the extent to which it will be used is 
dependent upon a complex interrelationship of 
economic and technical factors. Prices for natural 
gas must be adequate to supply exploration incen- 
tive. An upper limit, however, is placed on natural 
gas prices by competitive energy sources. Synthetic 
gas from low cost coal can be produced for about 
40¢ per Mcf. Technology devoted to natural gas 
production must continue to advance to offset price 
increases. 
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Natural gas producers, faced with rising drilling 
costs, want a higher well-head price for gas to pro- 
vide exploration and development incentive. Mr. 
Stanley Learned,’ former president of Phillips Petro- 
leum Company, believes a price of at least 20¢ per 
Mcf is required to supply adequate incentive. He 
points out that exploratory drilling in the United 
States has declined almost 30% since the mid-fifties 
when additions to the natural gas reserve reached a 
peak. As a result, new gas discoveries have dropped 
while demand continues to climb and is estimated to 
reach about 25 trillion cubic feet by 1975.* 

In order to offset the decline in new exploration, 
ways to stimulate additional gas production in 
known fields are being sought. The most ambitious 
to date is Project Gasbuggy.® A 20 kiloton nuclear 
explosive was detonated in gas-bearing formations 
of the Northern San Juan Basin early in 1968. Pre- 
liminary indications are that a chimney containing 
a void of abdut 2 million cubic feet was created by 
the explosion. At the time of this writing, production 
tests are being made but it will not be known for 
some time whether the objective of the experiment, 
the economic stimulation of gas recovery, was 
achieved. Any significant radioactivity will likely 
be lowered to safe limits by dilution with uncon- 
taminated gas or eliminated by separation. Reservoir 
engineers estimate recovery of 70% of the original 
gas in place if the nuclear fracturing experiment 
is a success. This would mean a substantial increase 
in gas recovery for the San Juan Basin as well as 
other areas in the Rocky Mountain Region. If lateral 
fracturing develops, as hoped, deliverability of nat- 
ural gas will also be improved over conventional 
stimulation methods. 

The cost of gas, using nuclear stimulation to en- 
hance recovery and deliverability, is not yet known. 
AEC ® suggests prices for nuclear explosives used for 
production operations will range from $350,000 for 
ten kiloton yields to $600,000 for yields of two meg- 
atons. These costs are for the explosive only. Total 
cost of the Gasbuggy Project is about $3,000,000, 
excluding cost of the explosive. Production opera- 


* Stanley Learned—Address Before the Executive Club, 
Chicago, Illinois, March 11, 1966. 

*Future Requirements Agency, Denver Research Insti- 
tute. Future Natural Gas Requirements of the United 
States. Vol. 2, June 1967. 

5 Joint Operation—El Paso Natural Gas Co., U.S. 
Atomic Energy Commission, U.S. Bureau of Mines and 
the Lawrence Radiation Laboratory. 

° Project Gasbuggy 


tions should be less costly than the experiment. If 
actual recovery and deliverability come up to ex- 
pectations and production costs can be reduced by 
using, for example, smaller diameter emplacement 
holes (Experimental emplacement hole was sized 
for 15-inch I.D. casing) the cost of natural gas pro- 
duced is expected to be competitive. 

Referring to the medium supply estimate shown 
in Table 15 and projecting the gradually declining 
rate of increase of use shown on Table 13, it follows 
that the supply of available natural gas for the West 
Region will be depleted by about the year 2020. As 
gas supplies become more limited, lowered delivera- 
bility may require a stretch-out of the remaining 
supply for high priority users and a curtailment of 
low-preference use. Thus, use by utilities could be 
reduced at a rate greater than that shown on the 
Table. 

Synthetic gas from coal can be produced for about 
40¢ per million Btu, depending upon cost of coal. 
Four methods of producing pipeline gas from coal 


are: 
1. CO, Accepter Process—Consolidation Coal 
Co. 
2. Coal Hydrogasification—Institute of Gas 
Technology. 
3. Coal Gasification Process—M. W. Kellogg 
Co. 


4. Two-Stage Extrained Gasification—Bitu- 
minous Coal Research, Inc. 
All of these processes show promise of producing 


gas in the price range of 38-55¢ per million Btu. 
With improvements that can reasonably be expected 
to be made in the various gas-from-coal processes, 
large commercial facilities operating on low cost 
coal ($1.50 per ton) could achieve costs in the 35— 
40¢ range by the mid-seventies. At this point, syn- 
thetic gas can begin to displace natural gas. 

Table 16 shows the effect of deducting the esti- 
mated requirements from the medium estimate of 
natural gas supply. Around 1985, projected use will 
overtake estimated additions to the reserve and the 
proved recoverable reserves of gas will decline there- 
after. Higher or lower estimates would shift the 
dates for these changes, but the pattern remains the 
same. It is expected that before the end of the 
century, reserves will decline and natural gas sup- 
plies will become tighter. 

Tables 17-19 contain background data on past 
changes in the proved recoverable reserves, which 
during the post World War II years changed little 
in the West Region. Reserves reached a peak in the 
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mid-fifties and have declined gradually since that 
time. New discoveries added 10.7 trillion cubic feet 
to the reserve in the period 1947-66 and revisions 
and extensions of figures for previously discovered 
fields added 29.1 trillion, making a total of 39.8 tril- 
lion cubic feet. Production was 28.6 trillion cubic 
feet, making an increase of 11.2 trillion cubic feet 
in the reserve in the eleven states. This is 2.6 trillion 
cubic feet less than the increase for only ten states 
shown for the period 1947-61 published in Report 
No. 18.7 While withdrawals during 1947-66 were 
2.7 times new discoveries, the amounts recorded as 
new discoveries must be augmented by later revisions 
and extensions before it is clear whether or not gas 
is being found as fast as it is being consumed. Un- 
fortunately, the proportion of the revisions and 
extensions allocable to new discoveries for particular 
years is not available. 


1. Fuel Oil 


1. Table 20 summarizes the historical supply 
and demand for conventional domestic 
cracked residual fuel oil, which contains 
from 1.5 to 2.0% sulfur. The highest yields 
by far have been in District V, which is 
made up of the seven Western States of 
California, Oregon, Washington, Arizona, 
Nevada, Alaska and Hawaii. District V ac- 
counts for about 80% of the eleven West- 
ern States’ refinery capacity and California 
accounts for 85% of District V refinery ca- 
pacity. Air pollution control regulations have 
limited the market for conventional 
cracked residual fuel oil, resulting in re- 
finers modifying their processing systems to 
decrease the yield of such oil and to increase 
the yield of the more valuable lighter prod- 
ucts per barrel of crude processed. The 
quantity of crude oil refined in District V 
has been increasing at about 2.75% a year. 
However, the expected large decline in 
residual yield percentage indicates residual 
oil production of approximately 95 million 
barrels in 1970 and 50 million barrels by 
FOV OD: 

Two major electric generating utilities 
with combined fuel oil requirements equal 
to nearly 70% of the electric generation re- 
sidual fuel oil requirements shown on Table 


"Ibid., p. I1I-3-47. 
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21, operate in Southern California. Air pol- 
lution control regulations in that area require 
the utilities to use gas fuel whenever it is 
available. However, the gas supply is in- 
terruptible and substantial quantities of fuel 
oil must be used. Historically, most of the 
oil requirement has been conventional resid- 
ual fuel oil supplied by California refiners. 
Domestic residual fuel oil contains approxi- 
mately 2% sulfur. The Southern California 
utilities are switching, therefore, from such 
oil to a low sulfur product of less than 0.5% 
sulfur in cooperation with the air pollution 
control authorities. Complete substitution of 
such low sulfur oil for gas will meet stand- 
ards established by the Air Pollution Control 
District, County of Los Angeles. 


. Table 21 shows fuel oil requirements for 


electric generation in the eleven Western 
States. The requirements for the projected 
years are expected to be increasingly met by 
low sulfur fuel oil containing less than 0.5% 
sulfur by weight. If the Hawaiian Electric 
Company oil requirement, which is also 
served by District V refiners, is added, the 
low sulfur oil component would be increased 
by about 5 million barrels in 1970. Consider- 
ation of trends in Tables 20 and 21 indicate 
that in the near future it will be necessary to 
import fuel oil, particularly low sulfur, to 
meet the electric utility demand for oil. 


. Table 22 illustrates how, oil-wise, the eleven 


Western States are becoming less self- 
sufficient and are expected to become more 
reliant on imported crude oil; the net im- 
port of crude petroleum and petroleum 
products amounted to about 1% of require- 
ments'in 1965. Residual fuel oil production 
for the eleven Western States is reliant on 
imports to a similar degree. The rising 
Alaskan production and the potential off- 
shore development in the Santa Barbara 
Channel Islands area of California, together 
with the trend of conversion of residual fuel 
oil to more valuable products could have the 
effect of reducing the overall requirement 
for imported crude oil. However, because 
sufficient supplies of low sulfur oil are not 
currently available from domestic sources, 
the electric generating utilities must rely on 
the importation of low sulfur oil. The per- 
centage of fuel oil from foreign sources used 


for electric generation in California, the 
principal oil burning state, is estimated at 
about 67% by 1970. 

. Table 23 shows that estimated proved re- 
serves of crude oil and natural gas liquids 
in the eleven Western States are rising 
slowly. Tables 24-25 indicate that during 
1947-1966 new discoveries added about 1.5 
billion barrels to reserves, and revisions and 
extensions of previously discovered fields 
added 14.5 billion barrels making total ad- 
ditions 16.0 billion barrels. Withdrawals 
totaled 12.7 billion barrels, so reserves rose 
3.3 billion barrels. 

. Because the supply of low sulfur crude oil 
in the Western United States is limited, al- 
though Alaska production is increasing, the 
Southern California utilities must look to 
importing low sulfur fuel oil or low sulfur 
crude oil to comply with air pollution regu- 
lations. Such oil is available from Indonesia, 
Liberia, South America and North Africa. 
Low sulfur oil produced in the Gulf Coast 
area of the United States is not competitive 
with oil from these regions. In response to 
the demand, and subsequent to revisions in 
the Oil Import Administration’s regulations 
allowing importation of low sulfur oils into 
District V destined for use in mitigating air 
pollution problems, several major oil com- 
panies have contracted to produce and sell 
considerable volumes of low sulfur, low ash 
fuel oil to several large electric utilities in 
Southern California. 

. Low sulfur, synthetic fuels produced from 
coal, oil shale or tar sands will probably sup- 
ply a portion of this increasing requirement 
in the future. The timing depends upon the 
interaction of technological and economic 
factors including the future availability and 
price of imported foreign low sulfur crude 
oil. Among these sources, synthetic crude 
oil/fuel oil produced from coal, and coal 
extract (which can be in either the solid 
or liquid form) are of special significance 
because the estimated recoverable reserves 
of coal are so large, many times the free 
world’s proved reserves of petroleum. Fur- 
thermore, many of these coal reserves (and 


able proximity to the western refining cen- 
ters and markets for the fuel. 

Synthetic fuel from coal may have an 
economic advantage over fuel produced 
from oil shale or even tar sands. Most pro- 
cesses now being investigated in the United 
States yield a fluid fraction and a solid resi- 
due or char. Since electrical generating 
facilities can burn char, combining the 
plants into an integral operation producing 
synthetic fuels and electric power could 
offer economic incentives. 


. It is anticipated that desulfurization of 


domestic residual fuel oil, although techni- 
cally feasible, will not be economically 
attractive in the foreseeable future. Current 
estimates indicate that this process would 
add about $1.00 per barrel to the cost of the 
fuel oil-to lower the sulfur content to 0.5% 
by weight without any accompanying 
reduction in ash content.6 Low sulfur im- 
ported crudes currently available yield 
fuel oils with considerably lower sulfur con- 
tent and far lower ash content at a lower 
price premium. 


. Another approach to meeting air pollution 


regulations pertaining to the burning of high 
sulfur residual fuel oils for electric genera- 
tion is to remove the potential pollutants 
from the power plant stack emissions before 
release to the atmosphere. 

A number of stack gas treatment processes 
have been developed beyond the laboratory 
stage and have received serious develop- 
mental efforts in pilot plant tests. These 
processes, typically, can remove about 90% 
of the sulfur present in the stack gases. The 
sulfur compounds are oxidized and/or 
absorbed by materials or chemicals injected 


‘into the gases and are then removed by 


precipitation or wet scrubbing. 

The additional plant equipment required 
by these processes would require large capi- 
tal investments, and, because electric 
generating utilities typically satisfy only 
approximately 10 to 25 percent of their 
annual oil and gas fuel requirements with 
fuel oil, the stack gas treatment facilities 
would operate at a proportionately low 


® Oil & Gas Journal, May 22, 1967—-At 0.5% sulfur, 
which would be constructed) are in reason- cost is about $1.00/BbI. 


necessarily the contiguous processing centers 
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annual capacity factor effectively adding 
from 50 to over 200 percent to the cost of 
each barrel of high sulfur residual fuel oil 
burned, depending upon the process 
employed. For example, studies indicate the 
application of the “Welman-Lord” stack 
gas treatment process, which removes 
approximately 90% of the SO, present in 
power plant stack gases, to a power plant 
operating at a 66 percent annual capacity 
factor, would add the equivalent of only 
$0.25 per barrel of fuel oil burned if 100 
percent of the plant’s fuel requirements 
were satisfied with fuel oil, but would add 
approximately $1.00 per barrel to the cost 
of fuel oil burned if only 20 percent of the 
fuel requirement were satisfied with fuel 
oil. These costs include a credit for saleable 
by-products recovered in the process. 


J. Coal 


Coal production in the West Region, after a long 
period of decline, appears to have bottomed and is 
beginning an upswing that is expected to continue 
throughout the forecast period. (See Table 26) . Use 
for electrical power generation will account for most 
of this increase in production, especially during the 
early 1970’s. After 1975, use of high volatile bitu- 
minous coal for production of synthetic oil and gas 
is expected to consume significant quantities. 

The West Region contains about a quarter of the 
total United States reserve of coal. Only five of the 
eleven West Region states contain important de- 
posits (Table 29). The estimated reserve figures 
shown on Table 28 will change considerably by the 
early 1970’s. Detailed evaluation of western coal 
deposits was just getting well under way in 1966, 
and much more accurate data on recoverable coal 
and methods of mining will become available in the 
near future. 

Presently, the coal deposits of Wyoming, Mon- 
tana, Arizona and New Mexico appear to offer the 
greatest potential for strip mining. Generally speak- 
ing, the strippable deposits are slightly lower rank 
than the more deeply buried coal seams in Utah. 
Some of the thickest seams occur in the Powder 
River Basin of Wyoming and Montana, locally 
attaining thicknesses of 100 feet. Much of this coal 
is strippable, particularly along the periphery of 
the gently dipping formations, as at Wyodak, 
Wyoming, near the eastern edge of the coal deposits. 


In general, the coal seams occur at increasing depth 
toward the central portion of the basin and recov- 
ery will require underground mining methods. It is 
in the center of this basin that Project Thunder- 
bird, a proposal for in-situ gasification of coal by 
use of nuclear device, is to be located. 

Huge reserves of coal are available in the West 
Region for electrical power generation. Several bil- 
lion tons can be recovered by very low cost stripping 
methods. Two factors, however, affect the eco- 
nomics of coal-fired plants located on or adjacent 
to a coal reserve. These are (a) the availability of 
water (See Section Q), and (b) long distances 
from major load centers. 

Apparently these factors—transmission distances, 
and water availability—have brought about a major 
change in the future plans of the utilities in the 
Northwest Subregion. The 1963 report ® projected 
coal as the major source of new energy to the year 
2000. Five years later, the situation is reversed, with 
nuclear plants accounting for the bulk of new power 
in that area. Adequate cooling water at a number 
of sites having relatively short transmission distances 
to load centers give nuclear stations a competitive 
edge. However, rising costs for nuclear plants may 
reduce the advantage, especially if coal can con- 
tinue to reduce production costs. 

Steam plants located adjacent to strip coal in 
the West Region have the lowest fuel cost of any 
in the country. Delivered cost of coal at the Dave 
Johnson Generating Station, Glenrock, Wyoming, is 
about 14 cents per million Btu’s. At Castlegate, in 
Utah, a mine-mouth plant using coal from an un- 
derground mine, receives fuel at 18.2 cents per mil- 
lion Btu’s. The two are not directly comparable since 
the coal quality differs somewhat, but they do pro- 
vide an idea of price range. A large mine-mouth 
facility near Farmington, New Mexico will, by 
1970, be consuming about 7 million tons of coal an- 
nually and even though the coal is low quality 
(19,000,000 Btu’s or less per ton and over 20% 
ash) delivered cost to the power plant is about 12 
cents per million Btu’s. A large underground mine 
would be expected to deliver coal to a mine-mouth 
power plant for about 14-15 cents per million Btu’s. 

To be noted in the case of recently developed 
mines and potential mines devoted to power plant 
fuel supply for long-time periods (10-30 years), 
the mining costs would be expected to be minimal. 
Such mines are operating with the latest mining 


°Tbid., p. III-3-47. 
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machines and mining programs. Productivity, there- 
fore, is far greater than the national average. Sur- 
face mining equipment has grown in size and re- 
liability without any appreciable addition to, and 
in many cases, a reduction of, size of crews needed 
to operate and maintain it. Modern strip mines can 
produce coal at a rate of over 100 tons per man- 
shift and as new mines are developed or older mines 
updated, this figure will increase. 

Underground recovery of coal has shown even 
more remarkable improvement relative to its early 
rates of productivity. Under favorable conditions, 
underground mines can approach production rates 
as great as many strip mines—up to 50 tons or 
more per man-shift. Automation underground can 
be expected to allow production rates in excess of 
100 tons per man-shift. 


K. Nuclear Generation 


As of mid-1968 two reactors are, in addition to 
AEC’s Hanford Plant, operational in the West 
Region. These are the Humboldt Bay, 70-megawatt 
plant owned by Pacific Gas & Electric Company and 
the San Onofre 450-megawatt plant owned by 
Southern California Edison Company and San 
Diego Gas & Electric Company. Others are planned 
and possibly 4 or 5 reactors could be in operation by 
the mid-1970’s. At least three of these would be in 
California. 

The switch to nuclear power in the West Region 
has been slow, even in California, where it was ex- 
pected that the change-over would be rapid due to 
air pollution controls and domestic-fossil fuel 
prices. However, a number of factors control the 
time and place of competitive nuclear power. The 
following are among the more important: 

a. Capital and fuel cost trends of fossil-fueled 
plants; 

b. Capital and fuel cost trends of nuclear 
plants ; 

c. The capability of electric utility systems to 
operate nuclear plans at a high average ca- 
pacity factor; 

d. The ability of electric utility systems to use 
large generating units—500 mwe or larger; 

e. The development of advanced thermal and 
fast breeder reactors; 

f. The use of plutonium as a recycle fuel; 

g. The economics associated with private own- 
ership of nuclear materials and processing 
facilities; 
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h. Public acceptance of nuclear stations; 

i. Environmental regulations. 
The cost factor is a common ingredient in all the 
items listed above. In the final analysis, the fuels 
will be considered along with their environment 
control costs, and of those acceptable, the most 
competitive will be used. 

It is expected that within the forecast period, 
nuclear energy will become an important source 
of electric power in the West Region, especially in 
the coastal states. However, projections such as those 
in Tables 7-10 become rather uncertain beyond 
about five years. 

The kilowatt-hour costs of Pacific Gas & Electric 
Company’s Humboldt Bay nuclear plant at Eureka, 
California, are reported to be slightly below the cost 
of fossil fuel at that rather remote locality. The cost 
is higher than that of fossil-fueled plants in the 
vicinity of San Francisco. 

It is expected that the 450 mwe San Onofre nu- 
clear station at San Clemente, California, will have 
kilowatt-hour cost close to conventional steam 
plants, but at the time of this writing, the plant has 
not been on stream long enough to provide reliable 
data. 

Moderate reductions in nuclear costs, modest in- 
creases in fossil fuel costs, or environmental pollu- 
tion control of fossil-fueled plants could make nu- 
clear power competitive over a large portion of the 
West. 

Capital costs for nuclear plants began climbing 
in 1967 reversing a trend of declining costs. Price 
of nuclear fuel has changed little, with rising costs 
of uranium ore offset in part by improved reactor 
performance and lower enrichment costs. 

The 1963 Advisory Committee Report No. 18 *° 
suggested that most of the additions to generating 
capacity in Northern and Central California were 
expected to be nuclear in the early 1970’s. With 
costs trending upward, construction of nuclear plants 
could be postponed. Whether this rising cost trend 
will continue is uncertain. If it does, it will be about 
1985 before California has half of its generating 
capacity in nuclear installations and it would be 
long after that year before the West Region’s ca- 
pacity becomes 50% nuclear. 

Existing and prospective hydro-electric genera- 
tion in the Northwest Subregion and large reserves 
of coal and natural gas in many of the states of the 
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West Region will compete strongly with nuclear 
fuel for electric power generation. 


L. Nuclear Generation Costs 


Capital cost per kilowatt was about $130 for 
conventional fossil-fueled plants in 1960-1962. Nu- 
clear plant costs dropped from about $350 in the 
late-fifties to an average cost of about $160 per 
kilowatt for units in the 500 mwe or larger range in 
the mid-sixties. 

In 1966 TVA announced a decision to construct 
a large two-unit nuclear plant located at Brown’s 
Ferry in close proximity to coal fields. Cost per kilo- 
watt was $116 with a total energy cost of 2.39 mills 
per kilowatt-hour. In comparison, a coal-fired plant 
of about the same capacity cost $117 per kilowatt 
with an energy cost of 2.90 mills per kilowatt-hour.”* 
This was the first time that capital costs of nuclear 
plants were shown to be on a fully competitive basis 
with fossil-fueled plants. 

These costs, however, do not seem to have been a 
valid indication of future price trends in the nuclear 
industry. When TVA announced in 1967 that a 
third nuclear unit would be built at Brown’s Ferry, 
it was noted that nuclear costs had gone up and no 
longer held a competitive advantage over coal in 
that area. 

Presently, costs for nuclear plants in the West 
Region fall in the range of $150 to $200 per kilowatt. 

The unsettled state of nuclear power plant costs 
may lead to a slow-down in the rate of nuclear 
growth in the West Region, particularly in areas of 
low cost fossil fuels. However, similar cost uncertain- 
ties also apply to some extent to conventional plants. 

There is not yet sufficient experience to establish 
any firm basis for projecting nuclear costs. The esti- 
mated cost comparisons between nuclear and con- 
ventional plants persuaded utilities to place an im- 
pressive number of orders for nuclear units. The 
long-term validity of these costs is not certain, espe- 
cially now that manufacturers are raising prices. 
However for individual plants, once major equip- 
ment is committed with manufacturers, a large 
portion of the plant costs are known or predictable. 

Combination nuclear plants, conceived to per- 
form more than one function, are generally consid- 
ered a way of obtaining, principally through econ- 
omies of scale, low cost electrical energy. A combina- 
tion electrical generation and water desalting plant 


™ TVA-Comparison of Coal-fired and Nuclear Power 
Plants for the TVA System—June 1966. 


such as the proposed Bolsa Island installation in 
Southern California is an example. Plants of this 
type make use of very large reactors with the heat 
output used to drive turbines and also elevate the 
temperature of marine water. Whether such facil- 
ities will actually produce electrical power at costs 
lower than a single purpose plant is not yet clear. 
Nevertheless, in populated regions where the need 
for water is an important factor, such dual installa- 
tions probably can deliver water at a lower cost than 
would otherwise be the case using a single purpose 
desalting plant. The water purification portion can 
be considered an incremental part of the electrical 
generation facility and cost, therefore, less affected 
by overall price changes. 

Prices of uranium ore concentrates (75% or more 
U;Os) currently are about $7.00-$8.00 per pound, 
and little change is expected well into the 1970's. 
Should a brief period of oversupply result from the 
present extensive exploration effort, this price range 
(possibly with fluctuations below the range) may be 
extended beyond the mid-seventies. 

Conversion costs (U;O, to UF.) are subject to 
labor and material escalation charges, and are ex- 
pected to climb at about 142 to 2% per year. Sur- 
charges, applied to U;O, concentrates that are not 
“standard” could further increase conversion costs 
which were just over $1.00 per pound of contained 
uranium in 1967. 

Enrichment charges presently are fixed by AEC 
at $26.00 per unit of separative work. This unit is 
the amount of energy required by the diffusion 
plant to enrich the U-235 content of natural 
uranium * to a given level. For example, to produce 
one kilogram of uranium enriched to 3% by weight 
in U-235, 4.31 units of separative work are required 
on 5.5 kilograms of natural uranium; the remain- 
ing “tails” contain 0.2% U-235. This operation is 
the only remaining step in the fuel cycle still under 
Government control. 

Fuel fabrication costs have declined substantially © 
since the mid-fifties. This has been the result of a 
degree of standardization, increased production 
volume, and increased use of automation in the 
manufacturing processes. However, labor cost esca- 
lation will be a major factor in fabrication cost 
trends. Fuel fabrication (including fixed charges) 
accounts for about 40% of the fuel cycle costs for 


*Uranium as it occurs in nature contains 0.71% U-—235 
99.28% U-238 and 0.01% U-234. 
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plants now in operation, and would account for 
about 30% for the larger plants expected to begin 
operation in the 1970’s. 

To summarize, the cost of the fuel cycle com- 


ponent for nuclear plants has declined markedly 
since the mid-fifties. For planned large reactors 
(1000 mwe) the estimated cost breakdown for the 
fuel cycle in the 1970's is approximately as follows: 


First core Levelized cost, 


succeeding cores 


Raw fuel (U30,) at $7.00/lb 


Fabrication 
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The nuclear fuel cost is below that of conven- 
tional fuel on the West Coast, but escalation of 
manufacturing and construction costs suggest that 
nuclear plants may not yet have any significant 
competitive advantage over other fuels. While over- 
all plant economics are basic, decisions on particular 
plants will also be influenced greatly by environ- 
mental considerations. 

Faced with expected rising fuel costs in the late 
1970's, there is ample incentive to develop advanced 
converter and breeder reactors as soon as possible. 
AEC and industry are continuing efforts on both 
concepts. The advanced converter reactor is con- 
sidered an intermediate step to breeders. Advanced 
converter reactors, such as the HTGR, appear to 
be emerging as a commercial possibility during the 
forecast period. These reactors would not only use 
less fuel themselves but also, as a result of their low 
incremental fuel cost, would tend to reduce the 
capacity factor and fuel use of interconnected older, 
light-water reactors. The fuel savings in ten years 
could amount to several billion dollars nationwide. 
An advantage particularly significant in the West 
is the low cooling water requirement of advanced 
converters—little more than for conventional ther- 
mal plants, compared with 75% more for present 
light-water reactors. 

Research on breeder concepts is _ being 
accelerated, by both Government as well as 
private industry. AEC has awarded contracts to 
Atomics International, Babcock & Wilcox, Combus- 
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tion Engineering, General Electric and Westing- 
house. If progress is satisfactory, there will be less 
need for advanced converter reactors during the 
interim. It can reasonably be expected that a 
demonstration breeder reactor can be developed by 
1980 and that commercial units could begin to go 
on stream before 1990. Breeders will, however, have 
little impact on the demand for uranium ore within 
the forecast period of this report. With successful 
development of a practical breeder reactor, the 
nuclear industry will have attained an important 
objective, and stable long-term fuel costs will become 
less elusive than they are at present. Inflationary 
factors and political control of raw materials will 
still govern relative economics to an important 
extent. 


M. Nuclear Fuel Reserves 
Uranium 


The uranium supply situation can be briefly sum- 
marized as follows: 

1. Known domestic reasonably assured reserves 
are not large, probably about 150,000 tons 
of U;Os in the $8.00/Ib. or less price range. 

2. The potential for finding substantial reserves 
of uranium is considered to be good. Esti- 
mates by the AEC indicate a reserve of over 
650,000 tons of U;Ox, in the $10.00/Ib. or 
less price range. Table 34 includes the AEC 
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estimate as of January 1968 for reserves in 
the reasonably assured category, as well as 
for geologically expectable reserves in three 
price ranges. 

. Continuing escalation could drive the price 
of U3Os concentrates to over $10.00/lb. in 
the late 1980's. 

. An extensive exploration effort began in 
early 1967; however, it will be 1969-1970 
before results of this work begin to be known. 
. The uranium supply situation in 1970-1972 
could, if forecasts of nuclear power genera- 
tion actually attain the high level forecast of 
170,000 MW in 1980, become tight. How- 
ever, should actual capacity lag behind this 
figure by a few years, supply of U3;Ox con- 
centrates should be adequate and as new 
mines and mills come on stream in the early 
1970’s a surplus may develop. This will be 
especially true if renewed development work 
in known districts proves up a greater 
amount of reserves than the conservative 
estimate made by the AEC. Furthemore, 
the revised price schedule set by the AEC 
of $26.00 per separative work unit with a 
tails assay of 0.2% U-235, effective Jan- 
uary 1, 1969 will reduce requirements for 
natural uranium by about 8%. If a shortage 
of uranium concentrates occurs, AEC ex- 
pects, subject to the conditions set forth in 
its Uranium Supply Policies, to make nu- 
clear material available from a 50,000 ton 
(U;Og) stockpile. 

The uranium boom of the fifties, triggered 
by substantial Government subsidies, paid 
off handsomely and by 1958 the AEC took 
steps to retard the production rate of ura- 
nium. In 1961 production reached its peak in 
the United States and then began to decline 
in response to AEC purchase programs. 
Thus, at the peak of discovery and produc- 
tion, the uranium industry was curtailed by 
lack of a market. 

In 1967 in response to a reviving market 
provided largely by utility companies rather 
than Government, a second uranium 
exploration and development effort began. 
In the fifties, individuals and companies 
alike joined in the search for radioactive 
material and the bulk of the surface expos- 
sures are presumed to have been found. The 
1967 exploration boom is more systematic 


and includes companies knowledgeable in 
uranium exploration. New deposits will be 
found on the basis of geological and geo- 
physical data, coupled with extensive 
exploratory drilling, and such activities 
require large expenditures. (AEC estimates 
an expenditure of $315,000,000 in the four- 
year period 1968-1971). 

A similar situation is developing outside 
the United States. Known areas are being 
re-evaluated and new districts are being 
sought. Uranium, once considered to be a 
rare, and useless element, probably has 
become the most thoroughly studied sub- 
stance in the earth’s crust. At the time of 
its discovery in 1789 in a mineral called 
pitchblende, it was merely a chemical 
oddity. It was not until the early 1900’s that 
uranium was considered to be the parent of 
a series of radioactive elements. It required 
World War II to provide the stimulus 
needed for an intensive study of uranitum— 
its mineralogy, geologic occurrence, geo- 
chemistry and nuclear properties. All this 
because in 1939 it was discovered that an 
atom of uranium could be made to split, 
or fission, releasing huge amounts of heat 
and radiation energy. 

In the mid-fifties, the search for uranium 
began and now it is recognized that uranium 
is not as rare as was first thought. Pitch- 
blende, for years thought by mineralogists to 
be the principal mineral of uranium, is now 
considered to be only a variety of the min- 
eral uranite—one of about 185 mineral 
species in which uranium is a major 
constituent. 

Uranium deposits have been found on 
every continent. 


Presently, the known important uranium provinces 


(large indefinitely bound areas containing uranium- 


bearing rocks) are: 


1. 
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Canadian Shield—especially Elliot Lake 
region, Ontario, Canada (Sedimentary) 


. Colorado Plateau, Western United States 


(Sedimentary ) 


. South Africa (Product of gold mining 


operations ) 


. Eastern Brazil (Vein deposits chiefly) 
. Australia (Vein deposits in the Northern 


Territory and Queensland) 


ee 


6. USSR (Not well known—probably sedi- 
mentary deposits similar to Colorado 
Plateau) 

In the areas above, deposits are generally high 
grade or can otherwise compete in a price range of 
$7.00-$10.00 per pound of U;Os. In addition to 
such relatively high grade deposits (uranium con- 
tent—0.1—0.5%, or 2-10 pounds per ton of rock), 
extensive low grade occurrences in organic shale, 
phosphate rock, lignite, and granite rocks are 
known, but these are high cost resources not 
expected to be economic in the foreseeable future. 


Thorium 


The element thorium, like uranium, is transmut- 
able, by neutron capture, to U-—233, a fissionable 
isotope. Thorium will likely become an important 
nuclear raw material for reactors that convert 
Th-232 to U-233. The U—233 would then be used 


as fuel in reactor cores. 


Thorium is somewhat more widespread through- 
out the earth’s crust than is uranium and is found 
principally in three minerals—-thorite, thorianite, 
and monazite. The thorium minerals are resistant 
to weathering and commonly occur as placer de- 
posits in beach and river sands. Monazite particu- 
larly is recovered from such deposits. The primary 
habitat of the thorium minerals is in vein deposits 
or as disseminations in igneous rocks, i.e. granite. 

Reserves in the United States are estimated at 
about 100,000 tons of ThOs., but little effort has 
been made to explore for the material. It is to be 
expected that this figure can be increased many-fold 
should thorium demand become great. Canada and 
India are the major suppliers of thorium for the 
world market. Placer deposits in India have been 
worked for many years. Estimate of reserves in India 
is 250,000 tons of ThO, and in Canada, 200,000 
tons of ThOs,. 

Below is a breakdown of thorium resources in the 
United States.’” 
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N. Uncommon Energy Sources and 
Potential Technological Changes 


Some of the uncommon sources of energy for 
thermal electric generation that have been consid- 
ered or used in the Western Region are: liquefied 
natural gas (LNG), sewage gases, compressed or 
processed refuse, low sulfur coal extract and char 
and/or gas from coal. LNG is currently in limited 
use principally as direct conversion energy, i.e., 
natural gas for peaking purposes although it is now 
planned for electric generation in Japan. Sewage 
treatment digester gas is available from sanitation 
plants in some metropolitan areas, but the small 
quantities and low heating value make this energy 
source insignificant. For example, a typical large 
capacity sewage treatment plant produces about 2 
million cubic feet of 600 Btu/cf gas per day from 
the sewage from 1 million people. Translated into 
electrical energy, this would provide fuel for about 
5 megawatts of generation, or about 12% of the 


nominal total demand of 1000 MW per million pop- 
ulation. Wood waste has a heat content of about 
9000 Btu/Ib. It is used only to a limited extent be- 
cause the supply is dwindling, as such waste is being 
upgraded into more valuable products. 

The huge volumes of combustible waste in the 
form of rubbish and refuse which is generated each 
day in our society could be processed for use as 
boiler fuel, thus accomplishing a dual purpose, 
refuse disposal and thermal generation. Such proc- 
esses are in operation in Europe, elsewhere in the 
U.S. and are expected soon in certain West Region 
communities. An alternative to direct firing of rub- 
bish as boiler fuel would be disposal by incineration 
in closed retorts which would produce a 650 Btu/ 
cu. ft. combustible gas, half of which would be avail- 
able for boiler fuel. Refuse has a heat content in 
the range of 4000-5000 Btu/lb. and where available 


2 Modified from Mineral Facts and Problems—U.S. 
Bureau of Mines, Bulletin 630. 1965. 
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in large quantities near the electric power market 
it may be suitable as a fuel for supplementary power 
generation. 

Use of refuse by electrical power utilities will 
likely be as a service to large metropolitan centers 
rather than as a competitive fuel for thermal gen- 
eration. Although in the aggregate large cities pro- 
duce a vast amount of burnable waste (Los Angeles, 
San Francisco, Seattle, San Diego, Portland, Phoe- 
nix, Denver and Salt Lake City and their contiguous 
metropolitan areas combined, produce about 37,000 
tons per day) , individual population centers provide 
only a small fraction of the energy demand. For ex- 
ample, only about 100 megawatts per million 
population could be fueled or about 10% of the 
nominal energy demand of 1000 megawatts per 
million population; the 37,000 tons of refuse per 
day from these western load centers could fuel only 
about 1700 megawatts compared to a total energy 
demand of about 17,000 megawatts. Waste burning 
installations would require a subsidy—either in the 
form of a charge to the City for disposal of waste 
or a fee charged to individuals and organizations for 
collection of waste. 

Low sulfur coal extract is produced by mild hy- 
drogenation of coal in the presence of a solvent at a 
temperature which causes the coal to depolymerize. 
Ash and sulfur content is lowered in the process. 
The extract is solid at room temperature, but when 
heated to 500°--600° F. becomes a liquid that can be 
fired like regular fuel oil. The extract, being solid, 
can be transported in slurry form. The char by-prod- 
uct of such processes is suitable for boiler fuel. Com- 
bustible gas is another product of coal liquefaction. 

Several uncommon energy conversion processes 
are of interest, although unlikely to become of any 
consequence during the period covered by this study 
as an influence upon the fuel mix. The magnetohy- 
drodynamic (MHD) generator, one such potentially 
important conversion process, utilizes a high-speed 
plasma (a very hot gas which is an electrical conduc- 
tor) which functions as the armature of the gen- 
erator, developing a voltage by the motion of the 
plasma streaming through a magnetic field. If the 
voltage is connected across an electrical load, energy 
is delivered directly from the plasma to the load. 
Alternate fuels adequate for MHD generation could 
include the combustion products of coal seeded with 
an ionizable impurity such as potassium salt. 

In addition to MHD generation, two other direct 
conversion methods of generating electricity are the 


thermoelectric generator which relies upon the ther- 
mocouple effect between dissimilar metals and the 
thermionic converter which operates as a result of 
evaporation of electrons from a heated surface of one 
electrode which is closely spaced with another elec- 
trode held at a lower temperature. Thermoelectric 
generators are in use for powering telephone equip- 
ment in locations where there is no readily avail- 
able commercial power, and thermionic converters 
are used in space power systems. As usually con- 
ceived, both methods would use gaseous fuels. Effi- 
ciencies and cost levels achieved are unpromising for 
central station power production. 

Fuel cells utilizing natural gas, gasoline, diesel 
oil and other readily available hydrocarbon fuels 
might serve as residential power plants, portable 
power units and vehicle power plants, but their 
economics are presently adversely affected by high 
investment-use ratios. It is estimated that costs on 
the order of $20-$60 per kw, or $200-$400 per kw 
with energy storage, must be attained to compete 
with electric utility service to the residential market. 
A breakthrough in fuel cell development making the 
“black box” economically practical for installation 
in homes could increase the use of natural gas, the 
most convenient and logical home fuel, while tem- 
porarily reducing, or slowing the rate of increase, of 
gas use at central generating plants. Such a wide- 
spread switch to natural gas would eventually pre- 
sent a supply problem. Other sources of gas would 
have to be developed, such as gas from coal. Natural 
economic forces would compel an upward trend in 
gas prices; this coupled with a continued downward 
trend in central station electric energy costs com- 
bined with load diversity, would be expected to 
limit any trend toward the gas-fueled residential 
fuel cell. 

Direct conversion of solar energy involves use of 
a source with too low an energy density for economi- 
cal power generation. Most other uncommon 
energy sources are similarly limited. 

The present report conservatively, and for the 
most part only indirectly, considers the effects of 
future technological changes. Most such changes 
are assumed to be sufficiently taken into account in 
the projections and discussion of total energy use, 
total electric generation, nuclear generation, the 
heat rate, coal production and transportation, re- 
finery yields of residual fuel oil, the transportation 
of energy, etc. Many potential, but not assured, 
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technological changes are disregarded in this study 
on one or more of the following grounds: 

1. The impact on fuel requirements would be 
relatively minor, at least prior to the year 
1990. For example, tidal power and direct 
solar power. 

2. The resulting changes in fuel requirements 
would merely speed up or slow down, rather 
than basically alter, the changes in fuel 
use projected in this report, so that plans 
made on the basis of this report would not 
have to be altered so much as delayed or 
moved forward. For example, magnetohy- 
drodynamic generation might obtain addi- 
tional kwh per million Btu of a particular 
fuel and so somewhat curtail fuel demand. 

3. The impact on fuel requirements would 
be so great that a new analysis would be 
required at the time, and any projections 
made now would be quite unrealistic regard- 
ing future changes. For example, ultra low 
cost power from nuclear fusion. 

Use of coal in the West could increase signifi- 
cantly with development of more economic dry cool- 
ing tower systems together with compensatory coal 
prices. This system consists of a closed water circuit 
containing air/water heat exchangers which dissi- 
pate the heat to the atmosphere with no water lost 
by evaporation. Since no makeup water is required, 
this system has great potential in the water-deficient 
West and would result in increased consumption 
of coal at the mine mouth without regard to water 
availability. However, present economics indicate 
dry cooling costs a premium of $17-$21 per kw.*® 
Even at a high use of generating capacity this would 
increase the cost of energy by 0.3—0.4 mills per kwh. 

New technology in railroad electrification will 
have an impact upon fuel utilization for electric 
generation within the next few years when the San 
Francisco Bay Area Rapid District commuter facil- 
ities are completed and central station nuclear, 
gas and oil-fired electric generating plants supplant 
some use of gasoline-fueled public transportation 
and private motor vehicles. 

Two other metropolitan area projects in the 
Puget Sound and Los Angeles areas may be built 
in the not too distant future, causing some addi- 
tional changes in the industrial fuel mix. 


** Rossie and Trommershausen—Witnesses R. W. Beck 
and Associates “Power Cost Study for Fuel Research Coun- 
cil, Inc., Wahington, D.C.” Federal Power Commission 
Docket CP63-—204, et al, Exhibit 220. 


Electrification of segments of mainline railroads 
may have as much impact by 1990 upon raw fuel 
utilization as any pending technological develop- 
ments. Railroads could increase utilization of track- 
age and offset the continuing increase in costs of 
maintenance and operation with present equipment. 
Combinations of geography, load factor and a par- 
ticular railroad’s needs for replacement equipment 
will undoubtedly dictate the rate of change to elec- 
trification. It is evident that the potential exists for 
some major conversions within the time period of 
this study. The Edison Electric Institute is con- 
ducting an industry-wide survey at the present time 
of the potentials in railroad electrification, and sev- 
eral railroads in the West are reported to have made 
or are making serious studies of electrification. 

In 1966, approximately 26 million barrels of oil 
fuel were used for locomotives in the West Region. 
While there is a difference in overall fuel utilization 
efficiency of some consequence, it is believed that 
the primary impact of conversion to central station 
generation for railroad locomotion would be the 
substitution of coal and nuclear generation for the 
use of fuel oil. Because many of the western rail- 
roads cross large coal deposits, it is obvious that coal 
should get a large share of this business. However, 
no estimate of this potential was set forth in the 
most recent comprehensive publicly-financed inves- 
tigation of the potential market for far western coal 
and lignite. So experts may not agree that we will 
see in the near future a return to the starting point 
in the cycle of railroad fuel utilization. 


O. Fuel Prices 


While it can be said that fuel prices influence the 
selection of fuels for electric generation, in certain 
areas in the Western United States, such as South- 
ern California, the electric generating utilities are 
compelled to use higher priced low sulfur, low ash 
fuels (See Section I) when available and regardless 
of cost because of air pollution regulations. Tables 
36-40 summarize past data on fuel prices. 

From 1946 through 1965 well-head prices for 
natural gas in the United States have increased at 
an average annual rate of 5.9% compounded. How- 
ever, the rate of increase is declining and for the ten- 
year period 1955-1965 averaged 4.1% and declined 
even further to about 2.2% for the five-year period 
1960-1965. In New Mexico and California, which 
togther account for more than 75% of total gas 
produced in the eleven Western States, natural gas 
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prices at the well have increased at an average 
annual rate of 2.0% and 3.0% compounded re- 
spectively, over the five-year period 1960-1965. 
Although the rate of increase is declining, a mini- 
mum increase in well-head prices of about 1% per 
year might be expected over the long term to 
encourage exploration and development of new 
supplies. 

Table 37 presents data on average prices for 
natural gas for industrial use (including electric 
generation) and Table 38 shows the gas costs 
reported by electric generation utilities. Gas prices 
increased substantially during the period 1950- 
1961; however, this trend was reversed in 1962, as 
a result of the settlement of rate proceedings of 
gas pipeline companies serving the western area 
and the lower incremental costs of new supplies. 
However, the slight downward trend in gas prices 
appears to have leveled off and, as the demand for 
gas increases and supplies decrease; an upward 
price trend is expected, even though the recent 
Permian Basin decision of the Federal Power Com- 
mission resulted in a slight price reduction in that 
area. The California electric utilities, which account 
for about 80% of the gas used for electric generation 
in the eleven Western States, are estimating the 
increase at an average annual rate of 0.5% com- 
pounded through 1990 or about 1¢ per Mef every 
five years. 

Residual fuel oil prices have also stabilized in 
the past few years after rising in the earlier years; 
this is shown on Table 39. However, as conventional 
cracked residual oil production is phased out on 
the West Coast, and it becomes necessary to import 
fuel oil to meet requirements, the cost is expected 
to increase. Table 40 presents data on fuel oil prices 
for electric utility generation. In Southern Cali- 
fornia, which accounts for more than 70% of all 
the oil requirements for electric generation in the 
eleven Western States, it is expected that oil con- 
sumed after 1980 will be largely low sulfur, low 
ash fuel. Because low sulfur oil is currently priced 
about 20% higher than conventional fuel oil and is 
in short supply, average fuel oil costs for electric 
generation in Southern California will increase 
substantially in the next few years and are ex- 
pected to average about $2.40 per barrel in Cali- 
fornia by 1970. Thereafter, it is expected that 
increases will be more moderate and generally fol- 
low the trend of gas price increases. It has been 
reported by a utility participating in this survey 
that the price formula for a substantial quantity of 


low sulfur fuel oil under contract provides for 
escalation related to the posted price of 27.0-27.9 
API gravity crude oil in California and to the well- 
head price of California gas. It is expected that 
low sulfur oil will increase from about $2.40 per 
barrel in 1970 to $2.70 per barrel in 1990. Other 
oil costs such as distillate and diesel fuel are ex- 
pected to increase at about double the rate of low 
sulfur oil or approximately 1% per year. 

Table 41 compares post-war coal prices in the 
Western States with coal prices for the United 
States as a whole. The relatively constant price for 
coal in the United States over the past 20 years, 
in the face of generally rising costs, reflects the 
effects of the increase in coal production per man- 
day made possible by increased mechanization and 
automation. In the past, coal prices in the West have 
generally been higher than the national average be- 
cause of smaller scale production and, in some cases, 
lower coal quality and the inaccessibility of the 
deposits. 

Table 42 presents a similar comparison for prices 
paid for coal by electric generating utilities. The 
use of coal for electric generation in the West has 
increased substantially over the past five years. 
However, past trends of prices paid for coal are 
not necessarily indicative of the prices which can 
be expected in the future when an even greater use 
of coal for electric generation in the West is antici- 
pated. Improvement in productivity for both sur- 
face and underground mines should provide sig- 
nificant stability to coal prices. 

Direct mining costs at predicted production rates 
(See Section J) are expected to be reduced to about 
8 cents per million Btu’s for good quality bituminous 
coal or 10 cents per million Btu’s if the average 
energy conversion equivalent of 20,000,000 Btu/ton 
is used. 

Average price of coal in the West Region for 
electrical power production is expected to remain 
relatively stable, climbing gradually during the lat- 
ter part of the forecast period. The labor component 
is estimated to escalate at about 4.8% per year, 
the materials and supplies component at about 
1-2% compared with general inflation at 1.7% per 
year. Offsetting these factors will be improving 
productivity. Although coal prices for any given 
mine will escalate in response to the above factors, 
modernization at about 10-year intervals (approxi- 
mate pay-out time for heavy duty equipment) to 
take advantage of equipment improvements is ex- 
pected to keep coal competitively priced. 
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In summarizing price of coal to electric power 
plants in the West Region, the Nathan Report ** 
indicates costs ranging from 9.8-cents per million 
Btu’s to 20.1 cents per million Btu’s for various 
coal fields. The lower figures represent areas in the 
Powder River Basin of Montana and Wyoming. 

The weighted average mine price for coal in 
the Rocky Mountain area, the area of principal 
growth in coal-fired generating stations for the next 
several years is estimated at $2.85 per ton in 1970 
and is expected to increase to $3.60 per ton by 
1990. 

Table 43 permits comparison of the costs of vari- 
ous fuels used for electric generation in the Western 
States. 


P. Cost of Transporting Energy 


The relative costs of transporting the various 
forms of energy are in many ways the key to the fuels 
and energy problem, particularly in the West, where 
the distances involved average greater than in the 
East. Table 44 lists various forms of energy in order 
of increasing cost of transportation and is graphically 
illustrated on Chart 7. In terms of cost per Btu or 
per kwh, nuclear fuel transportation is so cheap that 
nuclear generation should find no geographical ob- 
stacles from a transportation standpoint. The low 
transportation cost for nuclear fuel makes it eco- 
nomically feasible to import supplies from any part 
of the world. 

When moved by tanker, transportation rates for 
oil are very low—second only to nuclear fuel. Oil 
has a high heat content in proportion to volume, 
and its liquid state facilitates loading, unloading, 
compact storage, etc. So, to a somewhat lesser ex- 
tent than for nuclear fuel, oil can be brought in 
from any part of the world. Transportation over- 
land, however, is not as low cost as by tanker; hence, 
oil should continue to be used for a long period 
of time in coastal areas and along navigable water- 
ways for electric power generation. In the large load 
centers where air pollution is a factor, fuel oil hav- 
ing a very low sulfur content will gradually dis- 
place fuel oil containing high percentages of sulfur. 
Pipeline movement of oil costs a little more than 
tanker movement, and still more expensive is rail 


* Robert R. Nathan Associates, Inc-—The Potential 
Market for Far Western Coal and Lignite, 1965. Prepared 
for the Office of Coal Research, Dept. of Interior, Wash- 
ington, D.C. 


or tank truck transportation. (See Table 44 and 
Chart 8) 

Gas costs more to move by pipeline than does oil, 
because gas, even under compression, contains less 
energy per unit volume than does oil. Thus it re- 
quires a larger capital investment per Btu moved 
in the case of gas. While some gas pipelines cross 
bodies of water, gas in the gaseous state generally 
cannot be moved freely except overland. However, 
advances in the technology of transporting natural 
gas in the liquid state (LNG) indicate movements 
over water are becoming competitive, particularly 
to markets where scarcity results in a higher price 
or additional gas supplies are required to displace 
fuel oil at coastal load centers to alleviate air pollu- 
tion. (See Table 44 and Chart 9) 

Because the West already has a network of major 
gas transmission pipelines, as shown on Map 2, 
Major Natural Gas Fields and Pipelines in Western 
United States, the problems of transporting future 
gas supplies in the gaseous state to a considerable 
extent already have been solved. These pipelines 
and others to be built or increased in capacity, to- 
gether with existing commitments or plans for gas 
purchase assure increasing gas supplies for much of 
the forecast period if deliverability from natural 
gas fields can keep pace with demand. Future 
transmission of gas by pipeline may be in the liquid 
state in order to take advantage of volume reduc- 
tion. One of the attractive features of LNG is the 
great volume reduction, permitting storage in manu- 
factured containers of very large reserves of gas. A 
great deal of technological progress must be made, 
however, before the first LNG pipeline is built. 

Coal transportation costs heretofore have been 
more than for gas, but some estimates for coal 
slurry pipelines—pumping powdered coal mixes 
with water or oil—and for integral train move- 
ment appear competitive with gas pipelines. Ac- 
tual movements utilizing an integral train in the 
West Region are not yet firm, but a recent proposal 
by a midwest railroad involves renting an entire 
special train to the shipper; these rent-a-train rates 
would be in the mid-range of the estimates shown. 
(See Table 44 and Chart 11) Integral trains would 
haul coal between the two fixed points, the mine and 
the unloading point, using new and larger cars 
built especially for semi-permanent hookup in a 
train with locomotives at each end and perhaps in 
the middle. Such train need not turn around, but 
could simply reverse its direction at the end of 
each trip. Unit, or shuttle, train coal movement— 
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using present types of equipment between two 
fixed points—appears to cost more than gas pipe- 
line transportation. Evidence that unit train rates 
are being attained is seen in the fact that the 1964 
average coal hauling rates in the Western States 
coincides with the upper limit suggested for unit 
car rates; rates for some hauls in the 800-mile plus 
category are in the mid-range of the estimates 
shown. (See Chart 11) 

Coal transported by slurry pipeline will be ini- 
tiated in the West when a 275-mile x 18’ pipeline 
is completed in 1970 to transport coal from Black 
Mesa, Arizona to Mohave, a 1500 megawatt gen- 
erating station on the Colorado River in Nevada. 
This will be the only coal slurry pipeline in the 
United States although a shorter one was previously 
operated in Ohio for several years. Transportation 
costs of coal transported by slurry pipeline vary 
depending upon volume, with lower rates being 
achieved for large volumes, i.e., over 5 million tons. 
Expected consumption at Mohave will be about 
3 million tons a year of which about 4 million 
tons will produce electric power for use in Calli- 
fornia. In addition, about 6,000,000 tons of coal will 
be consumed at the two new Four Corners gen- 
erating units near Farmington, New Mexico. About 
3,000,000 tons will be used at this plant to provide 
power for California. Approval to build a coal- 
fired plant in California has received much oppo- 
sition even though its location would be remote 
from major load centers so it seems probable there 
will be no consumption of coal as such within 
California. 

Of the forms of energy listed in Table 44, elec- 
tricity generally is the form most expensive to trans- 
port. (See Table 44 and Chart 12) Because of line 
loss and the increased transmission costs, it has 
usually been less costly, per kwh delivered to point of 
use, to build the generating plant close to the load 
center rather than at the mouth of the coal mine. 
However, advances in extra high voltage (EHV) 
transmission, such as 500 kvac, indicate favorable 
economics for use of coal to generate electricity in 
New Mexico and Utah for high voltage transmission 
to California. Because of the growing number of 
interconnections between the transmission systems 
in the West Region, such as interties between the 
Pacific Northwest systems and the Southwest sys- 
tems, the reliability factor becomes very important. 
In effect, the interties replace thermal generation 
at the load center. The increase in reliability for 
EHV transmission systems adversely affects the 


economics, i.e., dual circuits cost more than a 
single circuit. 

It should be noted that proposed high voltage 
interties ° designed to provide a strong connection 
between the Northwest Subregion and the central 
United States will pass over some of the lowest cost 
coal in the West Region. Large coal-fired plants 
may be built in this area to take advantage of the 
economics of mine-mouth location. Should this oc- 
cur, the projected fuel mix for the West Region 
will involve a substantial modification. 

Generally, in the West Region the various primary 
energy sources are, except for environmental regula- 
tions, competitive, since in many cases low pro- 
duction cost can offset high transportation cost, and 
vice versa. 


Q. Cooling Water Supply Influence 
Upon Fuel Mix 


Advisory Committee Report No. 18*® on Fuel 
for Electric Generation in Western United States 
prepared for the Federal Power Commission Na- 
tional Power Survey 1964 report was criticized *” 
for understating the potential thermal electric gen- 
eration that would be coal fired, particularly for use 
in California. The 1963 conclusion was based upon 
the then existing economics of alternatives, which 
was well before development of joint participation 
projects permitted applying the economies of scale 
to mine-mouth coal plants remote from Pacific 
Coast load centers. Furthermore, it was concluded 
that water rights in the coal bearing states within 
feasible transmission distance would be so jealously 
guarded that only limited amounts would be avail- 
able for electric generation for transmissions to 
California, which amounts to exporting water to 
California. Accordingly, the estimate excluded coal 
then considered uneconomic in comparison with 
alternatives and coal not then associated with firm 
water supplies needed for power plant operation. 
This review continues that basis of appraisal. As 
shown in the foregoing Section F (Energy Resources 
Mix for Electric Utility Generation) this 1968 ap- 
praisal by the West Region utilities indicates a re- 


* Transmission Study 190, Office of the Chief Engineer, 
Bureau of Reclamation, Denver, Colorado 80225—Att. 
D-209, February 1968 

* Tbid., p. III-3-47. 

17 The Potential Market for Far Western Coal and Lig- 
nite dated December 27, 1965 by Robert R. Nathan 
Associates, Page X—19. 
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duced potential for coal as compared with the 
assessment five years ago. This is primarily due to 
a change in the coal-nuclear ratio in the Pacific 
Northwest (explained in more detail in Section J— 
Coal) and which more than offsets an increase in 
the consumption of coal for California’s electric 
energy. 

The change in the California component is di- 
rectly related to and limited by water supplies as 
well as the inter-relationship between nuclear gen- 
eration cost, coal mining costs, and nuclear gen- 
erating plant siting. 

The recent experience of four Southwest area 
utilities in attempting to secure cooling water sup- 
plies, is the basis for their continuing to limit the 
use of coal for California electric energy to water 
supplies known to be available for that purpose. 

Construction now in progress of a 1500 MW 
plant at Four Corners, New Mexico will require 
production of 5!4 million tons of coal per year of 
which about 48% will be for energy for California. 
Additional water for about 1500 MW is believed 
to be available and New Mexico coal producers are 
attempting to secure necessary additional water 
rights. 

Construction now in progress on the 1500 MW 
plant at Mohave in Southern Nevada will be fueled 
with 5 million tons a year of Arizona coal delivered 
through a 275-mile x 18” diameter slurry pipeline. 
About 4 million tons a year will be for California 
electric energy. This project is to be jointly owned 
by Southern California Edison Company, Los 
Angeles Department of Water and Power, Salt 
River Agricultural Improvement and Power Dis- 
trict, and Nevada Power Company. Southern 
California Edison Company initiated the project 
and attempted to secure cooling water for a 3000 
MW installation, but was able to get only half 
that amount. 

Arizona Public Service Company, San Diego Gas 
and Electric Company and Southern California 
Edison Company have through their subsidiary 
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companies acquired coal leases on the Kaiparowits 
Plateau in Southern Utah about 12 miles north of 
Lake Powell. The three utilities contemplated 
developing as much as 5000 MW of electrical gen- 
eration capacity. The State of Utah approved their 
application for 102,000 acre feet per year of water 
conditioned upon a showing of intent to make 
beneficial use by November 30, 1970, and starting 
actual use by 1975 with such water rights to expire 
in 2010. These utilities report that after more than 
two years of continuous negotiation with the Bureau 
of Reclamation, a satisfactory water service con- 
tract is expected, making the Utah water allotment 
available. 

While the Kaiparowits coal field involves rela- — 
tively higher cost underground mining and the 
project might not develop in any case because of 
economics, as of the present time the lack of as- 
sured water caused the utilities to leave it out of 
their estimates of coal production used to generate 
electrical power for California. 

In 1967 and 1968, the Los Angeles Department 
of Water and Power attempted to buy water from 
the Mohave Water Agency for 1500 MW of coal- 
fired generation to be located someplace between 
Victorville and Dagget, California. The coal proba- 
bly would have been supplied from New Mexico, 
Arizona or Utah. On February 20, 1968, directors 
of the Water Agency voted not to sell water to the 
City of Los Angeles for that purpose. Consequently 
Los Angeles is attempting to build another oil and 
gas-fired generating unit at its Scattergood station 
in Los Angeles on the Pacific seacoast. 

These experiences have persuaded the California 
utilities that their assessment of the coal potential 
should include only the amount that is economic 
in comparison with alternatives and associated with 
a firm water supply. 

Perhaps the best evidence of their judgment may 
be found in the recent selections of new thermal 
generating capacity as follows: 
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While it is well known that the potential western 
area Coal resources are vastly greater than the water 
supplies needed for development, the seriousness of 
the water limitation is less well known and con- 
tinues to be misunderstood. (Amazingly so in some 
cases, for example, the recurrence of a persistent 
fallacy ** in the Nathan Report that once-through 
cooling is not a consumptive use of water). 


R. Public Policy Influence Upon Fuels Mix 


Public policy at the federal, state and local 
levels—in relation to air pollution control, water 
utilization, natural gas regulation, control of oil 
imports, nuclear plant siting, electric system reli- 
ability and energy policy coordination—has a vast 
influence upon the mixture of fuels that may be 
used in the future for electric generation in the 
Western Regions. 

A change in practices and procedures in any 
given area inevitably has an impact upon the utili- 
ties’ fuel utilization practices and will force a change 
in the fuel mix. It is of interest to know how far 
into the future projections of the type undertaken in 
this report are reasonably valid. Therefore, it is 
necessary to consider recent actions in such areas of 
public policy. 

Air Pollution Control. Two Southern California 
utilities, in order to comply with local air pollu- 
tion control requirements, have changed to the use 
of a low sulfur fuel oil (.5% sulfur or less) to sup- 
plant the use of cracked residual oil of about 1.75 to 
2.0% sulfur content at a severe cost increase (about 
30% ). This is reportedly due to the utilities’ inabil- 
ity to secure Federal Power Commission authoriza- 
tion for sufficient supplies of natural gas.?® The prin- 
cipal source of low sulfur oil supply is imported low 
sulfur crude oil which is processed by distillation 
to remove light products and to yield a low sulfur 
residual oil. Domestic supplies of low sulfur crude 
may become available in Alaska or offshore 
California. 

Other potential solutions to air pollution from 
combustion of fuel oil may include refinery proces- 
sing to extract sulfur products from high sulfur 
crude and residual oils and treatment of combus- 
tion gases to extract undesirable substances. The 
method selected may depend upon the availability 


“The Potential Market for Far Western Coal and 
Lignite dated December 27, 1965 by Robert R. Nathan 
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of raw materials which in the long run will probably 
be determined by national policy relating to the im- 
portation of foreign source oil which costs on the 
average $1.00 or more a barrel less than domestic 
oil. The differential could be used to offset cost of 
sulfur removal to prevent air pollution. 

This illustrates the interrelationship of several 
areas of public policy. The ever-tightening air pollu- 
tion control regulations enacted by local govern- 
ment (state and federal air pollution control laws 
also apply *° *) have involved Federal Power Com- 
mission gas regulation and the Oil Import Control 
Administration of the Department of the Interior, 
which resulted in a relaxation of regulations, per- 
mitting the importation of low sulfur oil. 

State and Federal Control of Water Utilization 
and Thermal Pollution. Some of the dense load 
centers, particularly in the Southwest, but in- 
creasingly so in the Northwest, plagued with gas- 
oline air pollution and under public criticism for 
industrial fuel burning may be supplied by remotely 
located electric generation. There is a definite limit 
on the amount of water that may be counted upon 
for such remote generation in the Southwest as 
is explained in more detail in the previous section. 
It is within the authority of some states having 
water rights that could be allocated for electric 
power production and within the authority of the 
U.S. Department of the Interior, Bureau of Recla- 
mation, to expedite or impede use of water for such 
purposes in several situations. Accordingly, this 
is another area in which state and federal govern- 
ment agencies influence the future fuel mix as the 
availability of water at inland sites directly limits 
the amount of thermal generation that is potentially 
available from coal. 

Legislation is under discussion in Congress to 
enact controls on the thermal pollution of bodies 
of water. Potential impact upon water temperature 
has already become a factor affecting design of 
some power plants located on rivers. This is another 
area of public policy that will influence the fuel 
mixture. 

Federal Power Commission Gas Regulation and 
Gas Competition. Oil and gas-fired thermal gener- 
ating stations located in the coastal load centers 
of California use interruptible gas as the preference 


“State of California Health and Safety Code, Section 
24260 et seq. Rules and Regulations, Air Pollution Control 
Districts. 

“ Air Quality Act of 1967. Subject Law 90-148; 81 
Stat. 485. 
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fuel supplemented by residual fuel oil and, as 
previously stated, low sulfur fuel oil which has be- 
come a compulsory requirement in some areas. 
Therefore, the impact of Federal Power Com- 
mission regulatory policy and each decision of the 
Federal Power Commission in a major gas certifi- 
cate case is of importance in determining the 
anticipated fuel mixture. A significant example was 
the decision of the so-called Gulf Pacific Project 
(FPC Opinion No. 500) which rejected a proposed 
project for Los Angeles area electric utilities for 
an assured supply of gas for air pollution control 
purposes. Current proceedings before the Federal 
Power Commission involve recommendations of the 
Federal Power Commission staff as to the level of 
gas service that should apply to California’s electric 
generation in the near future. The California 
utilities have estimated that they expect to con- 
sume, as an average over the forecast period, about 
20% of their future thermal requirements in the 
form of gas. Whether they will or not will depend 
upon FPC policy, including policy on the field 
price of gas. 

National policy with respect to competition to 
supply gas is in the process of being confirmed in the 
adjudication of the restraint of trade action of the 
Department of Justice against El] Paso Natural Gas 
Company system and the contention that the merger 
restricted competition in the supply of gas to Cali- 
fornia. The United States Supreme Court ordered 
El Paso Natural Gas Company to divest the Pacific 
Northwest system and on June 21, 1968 the US. 
District Court found the Colorado Interstate Gas 
Company qualified to acquire the divested property. 
The significance of this case seems to be that the 
policy of the United States is to enhance compe- 
tition in the supply of gas to California for electric 
generation. 

Oil Import Control. In 1959 the Office of Civil 
Defense Mobilization (now the Office of Emer- 
gency Planning) recommended that restrictions 
should be imposed on the importation of oil into the 
U:S. Since 1959, various Presidential proclamations 
have set up administrative procedures for such con- 
trol designed to meet the needs of Petroleum Ad- 
ministration District V in which is located almost 
85% of the West Region thermal electric load. The 
utilities may not import oil directly; only established 
refiners are permitted to do so and until recently, 
there was no need to import fuel oil because do- 
mestic residual oil was adequate in quantity. When 
the domestic fuel oil was found inadequate in qual- 


ity by local County level air pollution control au- 
thorities and the Federal Power Commission failed 
to authorize adequate gas supplies, it became nec- 
essary to seek a change in the Oil Import Regula- 
tions to gain access to low sulfur foreign oil. In Jan- 
uary, 1968 by Presidential Proclamation No. 3823 
specific recognition was given to this need and Sec- 
retary Udall promulgated working regulations to 
implement this important policy change. Certain 
segments of the oil producing industry are opposing 
the change and have initiated legislation to take 
administration of oil imports away from the Depart- 
ment of the Interior by substitution of rigid quota 
laws which would require congressional action for 
further change. Because this program is subject to 
further change by Presidential Proclamation admin- 
istrative procedure or congressional action, the na- 
tional policy with respect to oil import control will 
continue to have an important bearing upon the 
fuel oil mixture. 

Nuclear Generating Plant Siting. Perhaps two 
of the most dramatic examples of how nuclear plant 
siting policy may influence choice of alternatives 
have occurred in the West Region, both in Cali- 
fornia. Pacific Gas and Electric Company decided 
to abandon its proposed Bodega Bay nuclear unit 
because of delays relating to site approval after 
considerable expenditure and investigative work on 
the site. Fortunately, P.G. & E. was able to act in 
time and substitute alternative oil and gas-fired 
generation for this block of capacity. 

The City of Los Angeles Department of Water 
& Power first applied for permits to build its Corral 
Canyon (Malibu) nuclear plant in 1963 and still has 
not received AEC site approval, owing to an issue 
on the amount of differential ground displacement 
due to earthquake faulting which the facility must 
be designed to withstand. The L.A.D.W. & P. reports 
efforts are continuing to secure approval of a rede- 
signed plant to meet revised standards of earth- 
quake resistance. The delay has forced the L.A.D.- 
W. & P. to make earlier than anticipated commit- 
ments for coal-fired generation and to propose con- 
struction of another oil and gas-fired plant in the 
Los Angeles Basin (Scattergood No. 3). 

Electric System Reliability. Potential requirements 
for reliability may influence the investment in trans- 
mission facilities which can determine the economic 
feasibility of mine-mouth coal-fired generation. For 
example, the distance from Southern California to 
sites where additional coal-fired generation might be 
located in Arizona, New Mexico and Utah averages 
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about 500 miles from the load center. One utility 
reported that the breakeven cost of coal to be com- 
petitive with nuclear energy at such sites would have 
to be about 10¢/M?Btu’s in 1990. 

Energy Policy Coordination. In November of 1967 
President Johnson appointed Mr. S. David Free- 
man, Director of the Energy Policy Staff, in the 
Office of Science and Technology, in recognition 
of the need for overall coordination of energy policy 
as it related to problems in finance, trade, defense, 
public health, utility regulation and antitrust laws. 

Mr. Freeman announced on February 11, 1968 
his office will have direct access to the President 
on energy problems through the OST and that he 
will oversee a broad energy study to be made over 
the next two years if Congress appropriates needed 
funds of $500,000. The study will include: (1) 
substitutability among oil, gas, coal and nuclear 
energy sources; (2) energy and air pollution con- 
trol, including impact on fuel industries of drastic 
controls on fuels particularly sulfur content; (3) 
potentialities involved in new energy sources, in- 
cluding the impact of potential new energy sources 
on current regulatory practices, e.g. coal gasifica- 
tion on natural gas regulatory procedures; (4) se- 
curity of supply, including a review of import con- 
trols; (5) evolutionary developments, such as im- 
pact of an electric car on the oil industry. This 
tends to indicate that more than ever before public 
policy affecting the fuel mix will be made and 
changed from time to time by the Office of the 
President. 

It is clear that because the future fuels mix for 
electric generation in the western area is so heavily 
dependent upon public policy in six areas, some 
involving all levels of government and subject to 
change from time to time, that it is not appropriate 
to consider the estimates of resources mix ratios as 
much more than broad trends. The ratios can be 
reasonably well estimated for five years in the fu- 
ture, but not for ten years or longer. 


S. Geothermal Energy 


Geothermal, or earth, energy is not a fuel but it 
is a source for electric generation and, therefore, 
should be included in this report. Natural hot springs 
have long been used for baths or to heat homes in 
areas were such springs occur. Early in the 1900’s, 
geothermal steam was first used to produce elec- 
tricity at Larderello in Italy. In 1922, a project to 


produce electricity from steam at The Geysers in 
Sonoma County, California was abandoned in the 
face of competition from hydro generation and the 
rapid growth of oil production in California. 

With the tremendous growth in the use of elec- 
tric energy, interest in geothermal steam resources 
has been greatly stimulated. Steam fields at Lar- 
derello now produce over 400,000 kw’s of power, 
and newly developed geothermal fields in New 
Zealand also produce about 400,000 kw’s of electri- 
cal energy. In other countries around the world, 
especially Iceland, efforts are being made to develop 
geothermal heat sources. 

In the United States, the West Region contains 
numerous potential geothermal areas. Geologically, 
the region is tectonically active and characterized 
by faulting and recent volcanic activity. The Geysers 
became the focal point for a resurgence of interest 
in the use of geothermal steam in California, and in 
1960 the Pacific Gas and Electric Company became 
the first utility in the United States to produce elec- 
tric power from geothermal energy. Steam wells 
drilled by the Magma Power Company and the 
Thermal Power Company, as joint venturers, now 
supply energy to four generating units having a com- 
bined capacity of about 80,000 kw’s. Pacific Gas 
and Electric Company has scheduled an additional 
110,000 kw’s of generating capacity as the steam 
field is developed and enlarged. The units have per- 
formed very well, maintaining high capacity factors 
and are attended only eight hours a day, with the 
units being automatically tripped if there is any 
plant trouble. 

The Imperial Valley region of Southern Califor- 
nia is also the site of a potentially large geothermal 
energy source. Here, however, an extremely saline 
brine is produced with the steam. Just south of the 
border the Mexican government has blocked out a 
steam field about 20 miles southeast of Mexicali. 
Plans call for the installation of generating facili- 
ties using this energy source. 

Use of low boiling point liquid, such as Freon, 
are being evaluated and if such methods are eco- 
nomically feasible, relatively low temperature hot 
springs could be utilized for the production of elec- 
tric energy. With interest in the utilization of geo- 
thermal energy on the upswing, it seems likely that 
other geothermal projects, economically competitive 
with conventional and nuclear fuels, will be de- 
veloped throughout the West Region. 
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T. Oil Shale 


Very large resources of oil (kerogen) shale occur 
in the West Region. An estimate of recoverable 
reserves of oil from shale is given in Table 35. The 
bulk of the reserve is in the Piceance Basin of 
Colorado, northeast of Grand Junction, but sub- 
stantial amounts also occur in the Unita Basin in 
Utah and the Green River and Washakie Basins in 
Wyoming. 

Considerable research effort has been, and 
is currently being, made to find ways of obtaining 
shale oil at competitive costs. The various recovery 
concepts and associated problems are too involved 
to be discussed in this brief summary and the reader 
is referred to the extensive literature available on oil 
shale mining and shale oil production. It is not ex- 
pected that oil from shale will have any significant 
impact upon the energy balance in the West Re- 
gion during the forecast period. 
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Subregion 1—California 
Net Systems Input—1966 


Company KWH 
Pacific Gas & Electric’ Co: saee- eee 42, 988, 264, 000 
Southern California Edison Co.______ 36, 739, 031, 125 
Los Angeles Department of Water & 
POWER 5 eax cee ee are ee oe 12, 586, 633, 342 


U.S. Bureau of Reclamation, Dept. of 

the: Interior: 72=) 2s es ee 
San Diego Gas & Electric Co.__-_____ 
Sacramento Municipal Utility District__ 


5, 299, 172, 000 
4, 416, 028, 916 
2, 921, 310, 000 
774, 793, 942 
663, 691, 134 
598, 532, 502 


Imperial Irrigation District____.______ 
Burbank Public Service Department__ 
California-Pacific Utilities Co...._____ 
Pasadena Municipal Light & Power 
Department (2.2) ween aug 595, 228, 925 
569, 257, 677 
462, 786, 960 
* 341, 990, 430 


Modesto Irrigation District__________ 
Glendale Public Service Department___ 
Turlock Irrigation District__________ 
Metropolitan Water District of Southern 


California 2 2 ae ee None 


* 1965. 


Subregion 2—Northwest States 
Net Systems Input—1966 


KWH 


Bonneville Power Administration______ 43, 677, 274, 000 
Pacific: Power & Light:Co_ ee = 11, 619, 303, 000 
Portland General Electric Co_________ 6, 947, 588, 000 
Idaho Poweries) soak Jee 6, 764, 373, 000 
Seattle Department of Lighting______ 5, 946, 784, 000 
Puget Sound Power & Light Co_______ 5, 491, 719, 398 
The Montana Power Co____________ 4, 546, 929, 000 
Washington Water Power Co________ 4, 016, 426, 000 
Tacoma Public Utilities—Light 
Divisions =e SSeS ges & eee 


Company 


3, 349, 904, 597 
1, 777, 076, 690 
1, 143, 346, 225 
784, 176, 771 
525, 007, 191 


Eugene Water & Electric Board______ 
Montana-Dakota Utilities Co________ 
Black Hills Power & Light Co______ 
Public Utility District No. 2 of Grant 
County ere ee ee 506, 286, 273 


County. ee ae oe eee 266, 923, 986 
OUD ES as ee See eee eee 
Unieed States Dept. of the Interior 
Bureau of Reclamation____________ 
U.S. Army Corps of Engineers________ 
Washington Public Power Supply 
SV SRCIN Wes eee ee ae eee (*) 


None 


—_ 
rw - 
a ee 


* Included with Bonneville Power Administration 


Subregion 3—Rocky Mountain 
Net Systems Input—1966 


Company KWH 

Public Service Company of Colorado___ 5, 484, 207, 861 
Utah= Power’ &elicshti@osse ssa 5, 089, 006, 000 
Arizona Public Service Co_____________ 4, 681, 672, 050 
SaleRiver: Project=<2.2.4-2 3 ee 3, 174, 807, 422 
Nevada ‘Power’ CGoseseulbieuet eee 2, 329, 707, 000 
El, Paso Electric: Cosa. tes eee 1, 808, 489, 000 
Community Public Service Co., New 

Mexico “Divisionzsscsubesulete se 1, 794, 798, 364 
Public Service Company of 

NéweMexitos 22 25s See 1, 681, 629, 600 
Tucson Gas & Electric Co____________ 1, 655, 029, 163 
Sierra’ Pacific: Power Cost. 2222s 1, 276, 515, 000 
Colorado-Ute Electric Association, 


Pie. (oS ental Uae eee * 635, 504, 211 
City of Colorado Springs, Department 
ofcPublic:Utilitiess22) seu te rare 


Southern Colorado Power Division, 


614, 293, 445 


Western Power & Gas Co__-_--____ 491, 367, 500 
Plains Electric Generation & 
Transmission Cooperative, Inc_______ * 317, 802, 579 


Arizona Electric Power 

Cooperative, (incs__ 22s 2223 eee 
Western Colorado Power Co____---___ 
Moon Lake Electric Association, Inc___ 
Provo City Power Department________ 
U.S. Bureau of Indian Affairs, Dept. 

of ‘the “Interiors 532_ 2A eee 
Fort Collins Light & Power 

Departments2tU 342 3) ee eee 
Truckee-Carson Irrigation District_____ 


224, 212, 736 
165, 445, 000 
159, 044, 294 
147, 320, 900 


113, 068, 089 


54, 395, 680 
43, 762, 000 


St. George City Utility Commission____ 31, 071, 738 
Raton Public Service Co_-_____---_~_ 25, 471, 000 
Logan City Municipal Power & Light 

Department. 2-2 228225275 oe 10, 554, 271 
Arizona Power Authority______________ None 
Citizens Utilities Co., Kingman 

Division i222. oo eee None 
Citizens Utilities Co., Nogales 

Division..26 54s eee None 

* 1965. 


National Power Survey—199C 
Task Force on Fuels 
West Regional Advisory Committee 


Instructions for Questionnaire 


Part I requests estimated data on an annual basis 
at five-year intervals on amount of generation and 
cost of fuel. 

Total net generation is divided into the thermal 
and hydraulic categories. Thermal generation as 
reported should include any energy required for 
pump storage operations. Thermal generation is 
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further broken down into percentages from coal, 
oil, gas, nuclear and internal combustion sources. 
Internal combustion includes both piston and tur- 
bine units. 

Fuel costs on a company average basis are re- 
quested in cents per million Btu as delivered to or 
alongside the stations. Where available, the coal 
cost should be broken down into the price at the 
mine and the cost of transportation. 

The last item, 6e, applies to those utilities with 
fossil generation costs in excess of nuclear genera- 
tion costs. The information requested is the price to 
which fossil fuel would have to drop to match nu- 
clear fuel generation. 

Data requested in Part I should be that which is 
available from the long-term forecasts by the appro- 
priate planning group of the company. As such it 
would reflect each company’s individual thinking 
as to future trends, based on their normal methods 
of computation and best estimates to 1990. 

Part II calls for data that reflects each organiza- 
tion’s thinking concerning future fuel trends. Space 
is also provided for comments or brief discussions in 
addition to the cost data and other related informa- 
tion. Comments should include present and future 
conditions and anticipated changes. 

Part III is similar to Part II, but for nuclear fuel. 


National Power Survey—1990 
Task Force on Fuels 
West Regional Advisory Committee 


Company 

Address 

Part I—Estimate Future Generation and Cost on 
an annual basis showing actual figures 


for 1966 and projections on a five-year 
basis for 1970-1990. 
Loy CAT: = 
2. Total Net Gen.-mwhr x 1000 
a. % Thermal ee 
b. % Hydro 
3. Thermal Net Gen.-mwhr x 1000 
a. % Coal____- es 
b. % Oil 
c. % Gas aa 
d. % Nuclear. = 
e. % Int. Com. 
4. Hydro Net Gen.-mwhr x 1000 
a. % Conventional Hydro 
b. % Pumped Storage 
5. Sys. Net Heat Rate-Btu/kwhr 


GHW nit Goste | NB taseeibe marae ii ees 
a. Coal 
(1) FOB Mine 
(2) Transportation 
cpa @) ice, a eee aie nie a 
c. Gas — eS, 
d. Nuclear 
e. N/F breakeven_ 
Part II—Fossil Fuel Forecast. 


Coal 


1. Quantity (Short tons) 

2. Cost ($/ton at the mine) 

3. Transportation (¢ per ton mile) : 
Railroad: 


Conventional 


— —- 


Unit Train__ 
Integral Train 2 
Barge 
Truck E = 
Slurry Pipeline : 
Other 
4. Contractual arrangement (% requirement in 
each category) : 
Spot purchase 
1 Year. 


Short term__ 


Long term 
Other 
5. Source (Geographic area or district) - 
6. Remarks = 


Oil 

1. Quantity (million barrels) 
2. Cost $/bbl: 

Residual (Bunker & High Viscosity ) 

Low Sulfur* 

Distillate 

Other 

*State specifications required to conform to air 


pollution regulations. 

3. Method of shipment (% by category—Give cost 

if known) : 

Pipeline 
Tanker z 
Barge 
Rail 
Other 
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4. Contractual Arrangements (% of each cate- 5. Remarks (Include possible use of manufactured 


gory) : gas) : 
Spot purchase 
1 Year a soe 
Short term = 
Long term. eS 55 
Other at 
5. Remarks is Part I1I—Nuclear Fuel. 
1. Quantity—Raw material: 
ic U;08 
Th O, 
2. Cost $/pound: 
U;08 
Gas Th O, 


3. Contractual Arrangement (Fuel cycle—% of 
direct involvement in each category) : 
Raw material 
Conversion 
Enrichment ee 
Fabrication 
Reprocessing Beha 


Waste disposal__ ee 
3. Transportation (% by category—Give cost if Other 


1. Quantity (billion cu. ft.) 
2. Source & Cost (Geographic) (¢/mcf.) : 


wn Se 


_known) Combination of fuel cycle now contracted out 
Pipeline and future preference. 
LNG by tanker: 4. Remarks (Comment on fuel warranties) : 
4. Contractual Arrangement: 
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CHART 5 CHART 6 


ESTIMATED NATURAL GAS AVAILABLE 
WESTERN UNITED STATES 


ESTIMATED RECOVERABLE FUEL RESERVES 
WEST REGION 
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RECOVERABLE GAS REMAINING IN GROUND 
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SOURCE: TABLE 16 


SOURCE: TABLES 17, 23, 28, AND TABLE PAGE 47 
: U.S.8.M. - MINERAL FACTS & PROBLEMS - 1965 


CHART 7 
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CHART 8 CHARTS 
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TABLE 1 


Energy Use, Electrical Generation, and Electrical Generation Fuel Requirements, West Region, 


1950-1990 
Trillion Btu Electric utility generation, billion kwh Electrical generation fuel requirements 
Year Total Thermal Thermal Gas Oil Coal U3038 
energy elec.! Total billions million million short 
use genera- hydro Total Gas Oil Coal Other? Nuclear cu. ft. bbls. short tons 
tion tons 
Recorded: 
ODO Saree. Se, 4, 686 278 49.8 14.4 8.7 4.3 0.8 OXGare ee eee 127.0 10.3 0.8 0 
i. 5, 910 531 65. 6 37.7 23. 2 12.3 1.8 O94 6 eee eee he 278.9 23.4 1.2 0 
i 7,131 765 82.8 64.0 43.4 15.9 4.3 0,45 eae se 458. 7 26. 7 PAX ie eee Si 
TOGO eae =. 8, 904 993 119.9 88.8 63. 2 LIS: 13.3 0.7 0.3 628. 3 18.6 Wom 14 
Projected: 
AO). 10, 721 1, 540 158. 6 149.1 92. 5 16.9 30. 6 1.0 8.1 855. 0 23.7 15.5 1,027 
Cy th, 32 12, 905 2, 655 173.3 270. 2 90. 1 35. 0 79.8 2.6 62.7 802. 0 49.7 39.7 3, 590 
NORO Me 15, 585 4,321 183. 5 447.0 76. 7 34. 6 123.6 4.4 207.7 685. 0 50. 8 59.3 8,175 
I: 18, 823 6, 680 194.4 690.1 68. 7 31.8 168. 8 6.6 414.2 641.0 50.0 79.6 11, 630 
OQ Ree ote 22, 608 9, 793 198.5 1,006.8 75.9 30. 7 207. 6 7.4 685. 2 724. 0 47.4 98. 5 15, 640 
PERCENT CHANGE 
Recorded: 
A955-6OW => 2... 20. 6 44.1 26. 2 69. 8 87.1 29.3 138.9 OS0ie eee 64. 5 14.1 121, Oe ees 
1960265:2-< =... 24.9 29.8 44.8 38. 8 45.6 —28.9 209. 3 Ub! ss53 nee ae 36. 8 —30. 5 by? ir (te a ey 
Projected: 
1965-70... =.=. - 20. 4 55.1 32.3 67.9 46.4 49.6 130.1 42.9 2,600.0 36.1 27.8 LOO; Saeco ee 
1970-75). .-..=.- 20. 4 72.4 2lez 81.2 —2.6 107.1 160. 8 160.0 674. 1 —6.2 109.8 156. 0 249. 6 
1975-802 2. 20. 8 62. 7 9.3 65. 4 —14.9 -—1.1 54.9 69. 2 231° 1) —14.6 Ql 49. 4 Dera 
1980-85...22. 2.2. 20. 8 54.6 5.9 54.4 —10.4 —8.1 36. 6 50. 0 99. 4 —6.4 —1.4 34. 4 42.3 
1985-90_.....---. 20.1 46.6 21 45.9 10.5 —3.5 23.0 peal 65. 4 12.9 —5.2 23.8 34. 5 


1 Utility and industrial. 
2 Internal Combustion, Wood, Waste, Geothermal and Other. 
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TABLE 2 


Energy Use Related to Economic Factors, West Region, 1950—1990 


Year 


Recorded: 


Recorded: 


1950850). cocci oer 


Projected: 


196 9=70 s Secsain eieroaieets 
1970-75335. a eosin 
1975-80 ree omens eee 
1080-89 csi aoe erteormont 
VOCS eines ae aera 
1965-90 Weervevmeeeueene 


Sources of recorded data: Col. (1), Statistecal Abstract of the United States, 1961, page 10; 1964, page 11; 1967, page 12. Col. 
(2), Statistical Abstract, 1967, page 327; adjusted to 1965 prices by means of U.S. Consumer Price Index in Economic Indicators. 
1967 Historical Supplement, page 95. Col. (3)=Col. (2)/Col. (1). Col. (4)=Col. (6)/Col. (1). Col. (5)=Col. (6)/Col. (2). 


Col. (6), from Table 4. 


Sources of projections: Col. (1), 1975 and 1985, U.S. Bureau of the Census, cur. pop. reports, p-25, No. 362, in Statistical 
Abstract, 1967 page 13, Series 11-B, with declining migration rates 1970 and 1980 by interpolation; 1990 projected on the 
basis of a slower percentage growth rate. Col. (2)=Col. (1) Col. (3). Cols. (3) (4) & (5) based on continuation of 1950-65 


(1) (2) 
Personal 
Civilian income of 
population civilian 


July 1, —s residents in 
thousands 1965 Prices, 


billion $ 
CARN 19, 711 44.0 
ee 23, 295 57.8 
Bae yma 27, 403 72.6 
sateen 31, 006 93. 1 
Seenlines 34, 650 116. 0 
OD a 38, 719 144. 5 
nae 43, 400 180. 7 
renee ae a _ 48, 650 225. 8 
Aer Oe 54, 241 280. 7 


AVERAGE ANNUAL PERCENT CHANGE 


3.4 5. 6 
3h 8! 4.7 
2.5 5. 1 
3h it a, 
Ph, oe 4.5 
252 4.5 
253 4.6 
2. 3 4.6 
2a 4.4 
7d, 4.5 


(3) (4) (5) (6) 
Energy 

_ Personal Energy Use per Total 
income per __ use per income energy 

capita, capita, dollar use, 
in 1965 million in 1965 trillion 

prices, $ Btu prices, Btu 

Btu per $ 

2, 292 238. 0 106. 5 4, 686 
2, 481 2551 102. 2 5, 910 
2, 649 260. 2 98. 2 7, 131 
3, 003 287..2 95. 6 8, 904 
3, 348 309. 4 92.4 10, 721 
Sundae 33353 89. 3 12, 905 
4, 163 SEE | 86. 2 15, 585 
4, 641 386. 9 33. 4 18, 823 
We 416.8 80. 5 22, 608 
oi 1.3 =0.18 4.8 
i 5 ae 4.0 
2.5 2.0 ag 4.5 
220) il, 22 —.7 4.4 
yA 15 — .7 uo 
2,2 L..5 — .7 3.8 
252 1.5 i epi 3.9 
WL, Pe eo — .7 359 
252 ba5 Sera | So7 
De: 15 — .7 355 


average percentage rates of change adjusted in direction of rising trend. Col. (6) from table 4. 
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TABLE 3 
Energy Use, by Type of Energy, West Region, 1950-1990 


Natural Petroleum Liquified Coal, Fuel Electrical generation, nonfossil 
gas, products, petroleum million wood, fuel, billion Kwh 
Year billion million gases, short million 
cubic feet barrels million tons cords Hydro Geo- Nuclear 
barrels thermal 
(1) (2) (3) (4) (5) (6) (7) (8) 
Recorded: 
ODO Merete oe. os ete cs 11,3 390 10 1951 4.0 50. 1 0 0 
ORS). ci SRG Oar orc eee 1, 631 501 17 13. 2 5.8 65. 8 0 0 
MO GOR ere takai ches 2, 302 570 23 10. 8 6.9 83. 1 (1) (1) 
NOCD AE Roe: ore ees 3, 020 657 27 17.0 U2 120. 2 5 4 3 
Projected: 
LDU ee: Ss 3, 749 742 31 23.6 7.0 158. 9 6 8. 1 
NODE8 Bug eee. 4 eee 4, 313 827 34 Pah. N 6.5 173. 6 2.0 62. 7 
MO GOR RI wie «c/o Net otss « 4, 701 898 37 65. 9 6.0 183. 8 3.8 OK U 
MOG Dera fers sc Soars oa 5, 094 943 39 85. 4 Sh, 5) 194. 7 5. 6 414, 2 
OO eerert eke coisa Rte oe she 5, 476 985 4] 1O3%5 5.0 198. 8 DAO) 685. 2 
PERCENT CHANGE 
Recorded: 
ROSO ROOMS hem ation Se 46. 4 2859 70. 6 — 30.9 44, 4 SOM ache wih er regen Oa owe 
WO55—O0 Rare. teas eee 41.1 13.8 30. 8 —18. 1 19. I 20n3ie =. Bro ety wa EER es... 
RIGO-65 ee ees ere rele ats Oileez ay 8 18.9 bY Te 4.7 44.5 45 Ge ee meni A co 
NSS5OSG Seen ce ae oes 170. 9 68.5 Way, & —10.8 80. 2 1405 OF Se eta as ete aac 
Projected: 
NOSIS =710). ee etn ae eee 24. 1 U3] 13. 1 38. 8 —2.8 BVd, Pe 218 2, 600. 0 
NOOR ee coiscacere a Rave Si 15.0 WV) a} 11.4 14. 8 —7.) O53: 235 674. 0 
POON Ne ois 0 < chew sins 9.0 8.6 8. 0 143, 2 —7.7 Sy) 89 235i. 6 
MOSO SOM athe ccsiouslomyentead $ 8.4 5.0 5), 29.6 —8.3 a4 g 48 99. 0 
NOS SOO esrs nora a crenata s 510) 4.5 4,4 PN 2 —9. 1 PEN Tete ake yee 65. 0 
MOG SOO terest, ouiaue 81.3 50. 0 49.7 508. 8 — 30. 6 OOF ee? (884s 


1 Less than .05 unit. 
Norte.—Electrical Generation Includes Industrial as well as Utility Generation. 
| Sources of actual data: Cols. (1) and (4): U.S. Bureau of Mines, Minerals Yearbook, annual. Col. (2): U.S. Bureau of 
i Mines, District V Petroleum Statement, annual; District V Petroleum Demand Report, annual; New Mexico and District IV based 
) on estimated disappearance, that is, refinery output, net shipped in (or out), less stock change, using Bureau of Mines data in 
Minerals Yearbook and Petroleum Statement, annual. Col. (3): Bureau of Mines, Shipments of Liquified Petroleum Gases, annual. 
i Col. (5): 1952 and 1962 data from U.S. Forest Service, Forest Statistics for California, 1954, p. 21, including footnote 4; 
| Timber Harvest in California, 1962, p. 10; Timber Trends in the United States, 1965, pp. 191-192; interpolated and extrapolated 
| on basis of lumber production in U.S. Bureau of the Census, Lumber Production, annual: salvage wood fuel estimated at 
20% of firewood in the round; reflects up-trends in barbecues and vacation homes, and in use of presto logs and charcoal. 
Cols. (6), (7), and (8) Table 7. 

SOURCES OF PROJECTIONS: Col. (1); Table 13. Cols. (2) and (3); Table 4 and 31. Col. (4); Table 9 plus 
declining non-utility use Cols. (6), (7), and (8); Table 7. 
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TABLE 4 
Energy Use in Trillions of Btu by Type of Energy, West Region, 1950-1990 


Electrical generation 


Liquefied nonfossil fuel 
Year Natural Petroleum petroleum Coal Fudd) Se 
gas products gases wood Hydro Geo- Nuclear 
electric thermal 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Recorded: 
1950 ae 1, 199 2, 262 4] 382 77 725 0 0 4, 686 
Ue Las Beene = 52 1, 754 2, 906 70 264 113 803 0 0 5, 910 
1960) c=, one 2, 475 3, 306 91 216 135 908 (1) (1) 7 fa We | 
19G5i Se tA 3, 246 3, 811 109 341 141 1, 251 2 3 8, 904 
Projected: 
F970 wane ey she 4, 030 4, 304 123 472 136 1, 568 6 82 10, 721 
197 Serene 4, 636 4, 799 137 942 126 1, 655 19 591 12, 905 
LOBOS oe cet 5, 053 5, 206 149 1, 318 116 1, 741 37 1, 966 15, 585 
bo fs yrs ae: 5, 476 5, 467 156 1, 708 107 1, 868 54 3, 987 18, 823 
1990 Su cue 5, 887 5, 714 163 2, 070 97 1, 932 59 6, 690 22, 608 
PERCENT OF TOTAL ENERGY 
Recorded: 
L950 eet oes ae 2346 48. 3 0. 9 8. 1 1.6 15. 4 0.0 0.0 100. 0 
TOS see cee 29. 7 49.2 2 4.4 1.9 1355 .0 .0 100. 0 
FOGO oc. ica 34. 7 46. 4 jee o20 1.9 P2e7 (1) (1) 100. 0 
WOGDeeeacae or 36. 5 42.8 2 3.8 1.6 14.0 (1) ) 100. 0 
Projected: 
182) (0 Serena 2 31.6 40. 2 | a 4, 4 12 14.6 1 8 100. 0 
VOR Oeverak once ae Bono S/o. Pal ToS 1.0 12.8 1 4.6 100. 0 
ISSO neta 32. 4 33. 4 9 8.5 8 bi? 2 12.6 100. 0 
19S 55. eae 29; 1 29. 0 .8 9.1 6 9.9 3 2152 100. 0 
|e yo Oe ten Wek 26. 1 dy Re: a 9. 2 4 8.5 2 29. 6 100. 0 


1 Less than 0.5 trillion Btu, or less than 0.05%. 

Source af Recorded Data: Tables 3, 7 and 46. Electric generation at regional fossil fuel heat rates in Table 6. 

Source Projections: Cols. 1, 4, and 5: Tables 3 and 45. Col. 2 and 3 together: Col. 9 less other columns with the declining 
rate of increase serving as a check. Col. 6: Tables 3 and 6. Cols. 7, and 8: Table 8. Col. 9: Table 2. 


Nore.—Electrical generation includes industrial as well as utility generation. 
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TABLE 5 
Relation of Utility Generation to Total Energy Use, West Region, 1950-1990 


Electric generation at then-current fossil fuel Percent of total energy accounted for by— 


Total heat rates trillion of Btu 
Year energy Total 
use Thermal Internal Hydro Thermal Internal Hydro 
—_—__—________————— comb us-_ genera- combus- genera- Total 
Nuclear Other Total tion tion Nuclear Other Total tion tion 
Recorded: 
BODO eee 4, 686 0 207 207 4 722 933 0 4.4 4.4 0.1 15.4 19.9 
RODD Ate swta ce 2 = 5, 910 0 454 454 4 801 1, 259 0 7.6 7.6 nal 13.6 21.3 
i 7,131 (1) 695 695 4 904 1, 603 (1) 9.7 9.7 nal 12.7 22. 5 
Is 8, 904 3 921 924 4 1, 248 2,176 (1) 10.4 10.4 (1) 14.0 24, 4 
Projected: 
LO Onan sees 8 10, 721 82 1, 387 1, 469 4 1, 565 3, 038 .8 12.9 13.7 (1) 14.6 28.3 
Ue Boe es eee 12, 905 591 1, 978 2, 560 6 1, 653 4, 228 4.6 15.3 19.9 (!) 12.9 32.8 
TRC = ee 15, 585 1, 966 2, 262 4, 228 6 1, 738 5, 972 12.6 14.5 27.1 (2) 11.2 38.3 
BORG Se == su =--- = 18, 823 3, 987 2, 675 6, 612 10 1, 865 8, 487 21.2 14.0 35. 2 aul 9.8 45.1 
MOOG Ss Sore os cn 22, 608 6, 690 3, 077 9, 767 17 1, 929 hak} 29. 6 13.6 43. 2 Sal 8.5 51.8 
PERCENT CHANGE 
Recorded: 
1950-552. = 52. _* = VL ROLES. eae eee 119.3 119.35 "os. ae es 10.9 SOO) gh ete eee ee al OL as a eh ee Ss 
1955-60_. . .-.---- DAR in ae Ore 53.1 1 Hes ny Sal ne Ee 12.9 ORE Beek RGR gS pel S cele Oe es ie Ss Sine eh ey eee ere ar 
1960-6525... - = =~ 24 G Mir se 32.5 BRR SS 38 eye ne tote, 38.0 STORE esse cy an tee A A a ee ogee cent Seer ye es, gen 
Projected: 
1965-7032 5.2-5-- 20. 4 2, 900 50. 6 5900 2 ees 25.5 S956 are See DES RARE bes re ee eee 
RO (Oe (Ose oon s =.= 20. 4 674 42.6 74.3 50 5.6 SOD Mp ele se ee eet i en ee ee 
NO 76-80 "ec. oon 20.8 231 14.4 GR Zee eee as 5.1 PON Oa pe oa Mae PM CN ac Ble Aa ER ae Pe yon Po a ete oe 
NOS0-SDsecca Ss 20.8 99 16.0 56. 4 67 103 A ee ee ee ee lt OO ee oe ee eos 
1985-90)... Jo 20.1 65 17.2 47.7 70 3.4 38 Olea sere tie i te es 0 ee ee eee ee 


1 Less than 0.5 trillion Btu or less than 0.05%. 


Sources: Tables 2, 6, 7, and 8 Btu’s for hydrogeneration obtained by use of Western Region heat rate; for other generation, by use of sub-region 
heat rates. 
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TABLE 6 


Heat Rate: Average Btu Used Per Kwh of Fossil Fueled Thermal Generation, Total Electric Utility 
Industry, 1950-1990 


United 

Rocky States, 

Year California Northwest Mountain West United percent 

subregion ? subregion * region States change from 
5 years 
earlier 
Recorded: 
L950 en ca cen Ree OOO 12 26, 836 215, 764 14, 494 14, 033 —11.2 
NOD Leese coer eee 13, 010 25, 386 14, 829 13, 810 13, 644 —14.8 
1952, 2.04666 ata ® 13, 465 20, 070 14, 753 14, 467 13, 366 —14.3 
19D reer ein he ieee 12, 702 20, 977 13, 907 13, 281 12, 889 —18:1 
VOSA oe cin ongn es alee 12, 442 18, 467 135933 12, 782 12, 180 —19.0 
1955 atone cee 11, 697 21, 492 12, 992 12, 207 11, 699 — 16.6 
LODO croton crs nee 11, 606 21, 820 2N0d! 12,079 4157456 =16:1 
A ey Pn eer ec 11, 198 18, 269 Wage Pal) 11, 648 1, 365 —15.0 
195DB a yecokeichaas Ste SL, 24a 12 16, 497 2-41, 796 Wik, Bei! 11, 090 —14.0 
Oe eo ee ad 8 ono eo occ 10, 838 14, 906 JIN, ates 11, 057 10, 879 —10.7 
LOGOS see oer 10, 663 13, 702 Ih, aia 10, 918 10, 701 Suh 
TOG cece okt wre 10, 524 13, 245 11, 366 10, 801 10, 552 —7.9 
IOC 2 eee soneetnees 10, 522 13, 441 11, 141 10, 770 10, 497 — 1.6 
VWGOSs eet eee 10, 413 12, 047 11, 068 10, 655 10, 438 =5.9 
\OG4 eet ce eee 10, 182 12, 011 Al Zs 10, 474 10, 407 —4,3 
19OD), eaters ace uere 10, 114 11, 900 11, 187 LOS 12 10, 384 — 3:0 
Projected: 

1970 a eaeditna ee 9, 604 10, 500 10, 501 9, 865 9, 770 —5.9 
LOTS ic Fs tree eee 9, 314 9, 700 10, 105 9536 9, 440 —3.4 
WOE cern’ ce Soo ¢ 9,377 9, 700 8), OS. Qo. 47% 9, 390 —0.7 
LOB Dice etoteg ass Se 9,615 9, 700 SF VA 95.997 9, 550 0.9 
JIU), ORR ercpet centro sant 9, 828 9, 700 9, 356 9, 718 9, 590 1.0 


1 Estimated by extrapolation for 1950 and by interpolation for 1958 based on trend for Pacific States. 

2 Estimated by extrapolation for 1950 and by interpolation for 1958 based on trend for Mountain States. 

3 Average of rates for individual states weighted in proportion to conventional thermal generation. 

Sources of recorded data: Federal Power Commission data in Edison Electric Institute, Statistical Yearbook of the Electric 
Utility Industry, annually. Based on use of gas, oil and coal, but not nuclear or other heat sources. 

Source of projections: Average of rates reported for individual utilities or subregions, weighted in proportion to projected 
fossil-fuel generation. 
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TABLE 7 


Electric Generation by Energy Sources Electric Utility Industry—West Region by Subregion 1950— 
1990 


[Billion kilowatt-hours] 


a en Ee ee 


Thermal 
Year Sub-region Natural Fuel Internal Hydro Total 
gas oil Coal? Nuclear Other! Total combus- 
Denes eee 
Recorded: 
1950: 
California. 52... ...5. a 4a CR ci ices 8 (3) 9.9 (3) 14.8 24. 7 
INOGtOWeSts) nee ei 0. 1 0. 1 ONZE crc or Ons 0.7 (3) 28. 6 2953 
Rocky Mountain 25S Om ONG ca Faeries Botte 7s 355 0. 3 6.4 10. 2 
oe a Se eee 
BOR AL eos PicsaGyast 8.7 4.3 OL ee ei: 0. 3 14.1 0. 3 49. 8 64. 2 
1955: 
California:......... 16. 3 VEST acre ee cape ohne (3) 28. 0 (3) 14. 6 42.6 
Worthwest........4.... (3) (3) ORF crak ou 0.1 0. 4 (3) 45.5 45.9 
Rocky Mountain 6.9 0. 6 Nie. AES Bes si sce a sas 9. 0 0. 3 5.5 14.8 
Miotalee? eo 2372 12.3 LnSIQRIE NAS 0. 1 37.4 0. 3 65. 6 103. 3 
1960: 
RU AMONINA 6g c'eoansce 6s Ia \ 0B SS eae a EIT AP (3) 46. 3 (3) 17.4 63. 7 
Northwest.......... Oj. 20) ei hee od: (3) Li2 (3) 59. 1 60. 2 
Rocky Mountain.... 11.6 eS S84. ete ren cre Care ote Me 3h 0. 4 6. 3 22.8 
Becta hia soyspn se 43.4 15.9 A Ei oS ceeyis fe (3) 63. 6 0. 4 82. 8 146.3 
1965: 
Gialiforitiagecis. eee 51.6 LORNA ic iste 0. 3 0. 2 62.5 (3) 30. 5 93. 0 
PIOCIUWES .c..5 co0 0.0. 2 (3) ppt De Bara oa ee ee 0.1 532 (3) 81.5 84. 7 
Rocky Mountain.... 11.4 i © NORA Bite ecer cin uterine 2%, Ty 0. 4 he 510 
(a. blvd Sel (ee eee ee 
a6 EF) Oa So eer 63. 2 i WR 1323 0. 3 023 88. 4 0.4 119.9 208. 7 
Projected: 
1970: 
RGAHLOCIMA J) oe afss 5 = 79. 5 16.1 Say 3.5 .6 105. 4 xq | ia | 136. 6 
Northwest.......... =O (3) 250 4.6 20 7A 0 ah iaa0 124. 1 
Rocky Mountain.... 13.0 .8 22. 4 .0 .0 36. 2 Ae 10.5 47.0 
ye ee el Ll ee an 
Pctats. fra. ae 925.5 16.9 30. 6 8. 1 ab 148. 7 Ae 158.6 307. 7 
1975: 
alnornia. i605 33). 74. 3 34. 1 Zak) 40. 5 2.0 172.9 ay 32.0 205. 1 
| Worthwest..")......: a) (3) Pa Wa | 19.5 .0 40. 6 & Oe 2943 169. 9 
Rocky Mountain.... 15.8 .9 36. 7 Se | .0 56. 1 .4 12.0 68. 5 
eR ne 
GEAbcce tne 90. 1 35.0 79.8 62.7 2.0 269. 6 £6) a 173.3 443.5 
| 1980: 
| CAROTID 2 on x on 0. 55.9 33.0 30. 5 150. 4 3.8 274. 1 He 2.3 306. 6 
Northwest.......... 70)040@) 37.9 54. 6 .0 92.5 DO enlosser 231.1 
Rocky Mountain.... 20. 8 Tea | Se Zak .0 79. 8 .4 12.6 92.8 
eee eee ee ee 
Oral eee 76.7 34.6 123.6 20727 3.8 446. 4 0" © 18355 630. 5 
1985: 
TAMMOPNIA . 65 oe 6 «res 50. 1 31.0 43.6 279. 1 5. 6 409. 4 She) 5302 443. ] 
Northwest, 02.4% .%. .0 (3) 48. 0 121.0 .0 169. 0 .O 148.6 317.6 
Rocky Mountain.... 18.6 as ie Bee 14.1 .0 110.7 oe 12.6 123. 8 
oe th ae ee eee eee ee 
otal 3.6% fo oes 68. 7 31.8 168.8 414.2 5.6 689. 1 10% 44944 884. 5 


See footnotes at end of table. 
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TABLE 7—Continued 


Thermal 
Year Sub-region Natural Fuel Internal Hydro Total 
gas oil Coal? Nuclear Other! Total combus- 
tion 
Projected—Continued 
1990: 
Californiayeess—7 = 48. 5 29. 7 58. 2 422. 0 5. 6 564. 0 1.3 36. 8 602. 1 
Northwest). sree 4 .0 (3) 58.3 228. 0 .0 286. 3 ~O {14953 435. 6 
Rocky Mountain.... 27. 4 1.0 Ory) 3552 0 154.7 5 12.4 167.6 
otal cere ee 19.9 30.7 207.6 685. 2 5. 6g 005.0 1. 8...» 198. San bezeaas 


1 Wood, Waste, Geothermal and Other. 
2 Coal shown for California produced and utilized in Rocky Mountain Subregion. 
3 Less than 0.05 billion Kwh. 


TABLE 7-A 
Electric Generation by Industrial Establishments, West Region by Sub-region 1950-1990 


[Billion kilowatt-hours] 


Thermal 
Year Sub-region and Hydro Total 
internal 
combustion 

Recorded: 

1950: 
California 3B hiedocb0: ee ek Se Se OS 0.9 (1) 0.9 
INOEtHWESES ore cr oe ae SRE eters ee a rata) arc eae tea 1.4 0. 3 ad, 
Rocky ‘Mountains. <2 5... 2 S06 rao sata Ptrerecin os hae ee rele 2.4 (1) 2.4 
oR} 6:1 [Pek Airc Seems. ean Alea Re Oe Sy nate eas RW Serer ain FTE es CINE ORE 4.7 0:3 5.0 

1955: 
Galliforritay oo os esac ayo te ial dace 8 a Me ae RL eee 1.0 ck ae eee 0.9 
Northwest. 3 c.3:ecyens 5 coh sa nitay ane sah oe ogatieyen oh Boiied ats as eee OR GTP RS ota 1.9 0. 2 252 
Rocky Mountaltte. oc nec te ere te eg ee ae nen eee eer wad (1) 259 
ol Re} | Rene Ne eet ee te art eR eee nt PO Ree ooo o Sa ode DAG 0. 2 6.0 

1960: 
Californias Yl £. sctecic 2 nook eae oil (1) eel 
Northweststitae 635 ond cB bce ke Riek ee oe GEE RE en: 250) 0. 3 255) 
Rocky Mowitains yore store ee eet ee I 2.9 (1) 2.8 
Rota ee iis cicuta + estate eich ese ee OE eee eee 6.0 O83 6. 3 

1965: 
Californias 6c caso oh ese oan oe atte co i ea eer il, () 2 
Northwest. Sites cikecork det ceed ints Goi eee oD oe nar ieee tere 1.8 0. 3 2a 
Rocky" Mountain os rrr re eee 3.6 (4) 3.6 

LOtaly yite sotto stand Manette oa OE OE Te: 6.6 ORS 6 

Projected: 

1970: 
California sf ieic2¢. os. Sot Sond os ha, ea oe ee V2 () t2 
INOrthiwestrsert te terre ee nea ee 2.0 OFS 203 
Rocky Mountain.........d.4- tic cs Shoten. solr eo. 0 oe ere 4.0 (2) 4.0 
Total io ocinwcsutecvok ae io lente Oc ne Ee ee Us 24 0. 3 Use 


See footnote at end of table. 
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TABLE 7—A—Continued 


Thermal 
Year Sub-region : and Hydro Total 
internal 
combustion 
Projected—Continued 

1975: 
CHS ats aS acc Se TAA BE VAS OS a SE a 1.4 () 3 
Nore NGG esis sibs cic c'o.o Wid 6816 do ib BS DRO Ced OD ENRICO CC Ore EE PY, Ge 0. 3 255 
SMa RIN QUT LA Uia irae cameaer MNP a oho! 2 ohne oc dk Su oine ge Be Ua 6 dee a 4.4 (1) 4.4 
cy Gaal meee eer eR INES eerste a, GG, coils: ucecals dF Shsla Seu S SEI wi 6 8.0 0. 3 8. 2 

1980: 
Chilean av. eee eB: ais SW AGS OSI oe Sec Ree crea ee 1.5 (1) 5 
NORTE nod Ge Bb OE 6.0 Clore UO BROICO ONO OOD AICRONDEEIE oT oF DIC carro ERO 2. 4 0. 3 Divi) 
etre LMA RATS CALS cree RNR wece ec iaeels) sei ciel Siet = Gna slere Beek Oto seks 4.9 (1) 4.9 
Eye 1 PMNS ERE iced gc) Ae odes) alte Rye hess. BOREL Si siere 8 es 8.8 0. 3 9.1 

1985: 
(CHllareitis-o a BWocc Wi & 5. OS ORE LAE OD BE OU OS On eee ed, (1) We 
INGLEDLW.ESUM Nee ER I tesa en la eid sievarpovehis s\euel ssa aye scsies PU 0. 3 3.0 
eos LU ETT Sos: SG 8 SWS ea inte A cree cee ee ear oe) (2) Sac 
nese | We aI 0 lee nee oon pio fora'o,0) ehnu@s seo es ES S/S B84. 9.7 0. 3 10. 0 

1990: 
(Cai taritey, 5 So SSed ons od AGRE Gos coe cae Oe GcIemie eke Om met acim nerac 1.8 (1) 1.8 
INGLE CS UNNI ee ete eae) Se Ts) etic Suece foc) a cyeitalfe t she exsist sige lavegs ag 28 O73 3a2 
Bee XEN POM EAD rare Attire fora) apavede <= oe sear e. 8 s)he oa a0 Ce nd reise soe 5.9 (1) 5.9 
ARG... 5 HS SS SDE a &' GOR CUES NT CS ee nee Ce meee 10. 6 0. 3 10. 9 


1 Less than 0.05 billion Kwh. 
Sources of Recorded Data: Federal Power Commission, Electric Power Statistics, monthly; and Production of Electric Energy 
Capacity of Generating Plants, 1950, pages 31-34. Fuel generation is not available broken down by type of fuel. 


| TABLE 7—B 


Electric Generation, by Energy Source, Total Electric Utility Industry and Industrial Establishments, 
West Region, by sub-region, 1950-1990 


[Billion kilowatt-hours] 


Thermal and 


Year Sub-region internal Hydro Total 
combustion 

Recorded: 

1950: 
@aliforniawee Ane. jee Rteinies SSE AoE... Glaeeremers o. Bas 10. 9 14. 8 DA 1 
INonih West sine erie Jn Ri olan eeiers A ceen & lashed hoe dhs 2.0 28.9 5059 
BRsSC ky IVLOURUAIE errs ape aie rs ec i alee seo. none = ceic see & SMe oR Pee 6. 2 6. 4 12. 6 
WICC Al eM A eiearenen ten iin Sees che ei rence Shere isieikerrucgaleae, las eee seede, wow ie cekanavs WI DOF! 6952 

HODD: 
CAEL UPTRET 2 cstacas bulla tole as 0 alent a al fd eco 28.9 14.5 43, 4 
INORUWEStae eee reir mene Rer err oieLaueacie cel coe cemni iaicperetins ortel sree @ieilalgua erailet 2.5 45. 8 48, 2 
Re eye LOU Ii alten ae rere eee o e elcome nie ois 4 Sd viewis enews ele oe ay 529 Nias: 
Sica Ee PE ee Sa oe Sick gah wus, pyle baila! wi ses aves! diwlaeNe 9. 3 43.5 65. 8 109. 3 
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TABLE 7—B—Continued 


Thermal and 
Year Sub-region internal Hydro Total 
combustion 
Recorded—Continued 

1960: 
California iiss oe ac ete aihns 5 eee ee ES te EO re 47.4 17.4 64.9 
Northwest ites 2 bP anec ccd wnvaet dal acl a nae Nt on ata te an ee bad 59. 4 62.6 
Rocky Mountain: 2.00. .c.ccose wish delete! ot hele oot eed cent PA An en 19.4 6. 3 Pde Sot A 
Bs | ae eR Re tind SMA Nona ortctinn Minin Goa OGG On Coded 00 70. 0 83. 1 15351 

1965: 
Galifornia 3024.5 5.22 sa Garett eine cod) Slee sie ae ee OEE ee 63. 7 30. 5 94, 2 
Northwest yf. oc iccate ste setae a nie i tats ah rsli tava esto tt hat aE on on rare D0 81.7 86. 7 
Rocky Mountain 2725. ochre «, 0 olenclsta tate’ oto) tata abatetc atest st aeseaystiar pee tes 26. 7 0 34,7 
TOtal eg coven oe ee at wt hre a RAAT an aac en en TS 95. 4 120. 2 215.6 

Projected: 

1970: 
Californias) foo. 6/5 caste Shs a fo5e od Ae east tale te ane ee eee 106. 7 31s} 137. 8 
Northwest re one cece ee oe TO oa tne on on OE ae a 91 HWS 126. 4 
Rocky .Mountain 1c 20.0% o.5 6 c-u e te en ae 40. 5 10.5 51.0 
Dota face acid Risin tec a-d sete 4 ahenatelctalet phe shetat inact RAR oPen Bake cw amet 156. 3 158. 9 315. 2 

1915: 
Galiformia So oie sicte a a Soci Ateete fe het ta ae ae ee 174. 5 32.0 206. 4 
Northwest sic igi os 2 tts salen = aie tote atu ean ene eat oe ern ee 42.8 129. 6 172. 4 
Rocky: Mountain, «502% 5c cjerg uase's. atstalete berets al eet eran ia tcte teen cee 6u. 9 12.0 12.9 
"Lota iisitsu G5, oi ee teas &.s AAC ee Ee eee 278. 2 173. 6 451.7 

1980: 
Californtars 2255 a5 a harens $a oce tah ee ee FOE ee ee 275. 8 $233 308. 1 
Northweéstiewsec% san valli ahearien eth abet Ur eee eae, 94. 9 138. 9 233. 8 
Rocky, Mountain 3.4: cwolb- nadine aidetave vou osthneineraie waat ies 85. 1 12.6 O74, 
A oo 2 ee ee Oe Oe ee Mn rr ne eset t tysrymyni cen rae 455. 8 183. 8 639. 6 

1985: 
California, 2205 055 1622 02e4 242 Bet eee ek CR eee eee 411.6 33n2 444. 8 
Northwest) 000s.2 pd 0:4. ois at AS AEE ES bee SO Oe Cie ee We 2 148. 9 320. 6 
Rocky ‘Mountainiee) . ond. yatecmek WARY .ateteels. hetets wesdey 116.5 12.6 129] 
Lotal. <5 5s hecis ks vee saw eS y Galen eens > Se SER ee erence 699. 8 194. 7 894. 5 

1990: 
Califottiias 2:32 <iig cael ake ae oes 25 Fee SOE eee ee 567. 0 36. 8 603. 8 
Northwestyie 2: ¢ . << oSaegeytah 325: 24 oe PERE See Oe eee 289. 3 149. 6 438. 9 
Rocky Mouritain =. \angeeqe soe ss oii cee ate oe een eee 161. 1 12. 4 173. 5 
Totaly 3.5 Wy), sedi daa a iw | AG ee eae Pe ee 1,017.4 198. 8 1, 216, 2 


Sources of Recorded Data: Federal Power Commission, Electric Power Statistics, monthly; Production of Electric Energy, 
Capacity of Generating Plants, 1950, pages 31-34; and Federal Power Commission data in Edison Electric Institute, Statistical 
Yearbook of the Electric Utility Industry, 1951, 1956, 1961, and 1966. 
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TABLE 8 


Fuels Used for Thermal Electric Generation, Trillion Btu by Type of Fuel, Total Electric Utility 


Year Sub-region 


Recorded: 
1950: 


CANUTE Sie eee 


1955: 


Cahforniagna!.. do.tsceec «2 ui. 
INorthwiestsa.ctis..bice ase onin bs betes 


1960: 


1965: 


Projected: 
1970: 


California sneer eee 


1975: 


1980: 


Galifornia aces eaitee csceteks been 
INonth west ferupeciteasis tegen cteee oe 
Rocky: Mountain, «...0:. 6 «+ as 


1985: 


See footnote at end of table. 


Industry, West Region, by Sub-region, 1950-1990 


Other 
Natural Fuel oil Coal Nuclear fueland Total 
gas Geo- 
thermal 

77 55 0 0 1 133 
3 3 5 0 8 19 
44 2 9 0 0 55 
124 60 14 0 9 207 
191 137 0 0 (1) 328 
(1) () 6 0 3 9 
90 8 19 0 0 117 
281 145 25 0 3 454 
338 156 0 (1) 1 495 
2 (1) 15 0 (4) 17 
132 15 36 0 0 183 
472 171 51 (1) 1 695 
522 105 0 3 632 
2 () 35 0 1 38 
128 10 116 0 0 254 
652 Males 15] 3 3 924 
773 143 57 34 6 Oe 
() (4) 28 48 0 76 
146 9 225 0 (1) 380 
919 152 310 82 6 1, 469 
689 309 216 375 19 1, 608 
(4) (1) 205 189 0 394 
176 9 355 27 (1) 567 
865 318 776 591 19 2, 569 
514 316 294 1, 410 36 2, 570 
(1) (1) 367 530 0 897 
233 9 493 26 (1) 761 
747 325 1, 154 1, 966 36 4, 228 
490 311 398 2, 682 54 3, 935 
(2) (1) 466 1, 173 0 1, 639 
206 9 691 132 (1) 1, 038 
696 320 1, 555 3, 987 54 6, 612 
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TABLE 8—Continued 


Other 
Year Sub-region Natural Fuel oil Coal Nuclear fueland Total 
gas ‘ Geo- 
thermal 
Projected—Continued 
1990: 

Waliformiageas cca cece oe OR ORO 490 295 556 4,417 55 5, 543 
Northwest ewiacoee een eee () (4) 563 2, 214 0 PLU) 
Rocky IMouritalis.275 0c. sie ete ee 306 9 803 329 (1) 1, 447 
BOGE sas) aur s on thre ee oe ee 796 304 1, 922 6, 690 55 9, 767 


1 Less than 0.5 trillion Btu. 


Source of Recorded Data: Federal Power Commission, Consumption of Fuels for Power Generation, 1951, Pages 10 & 14; 
Electric Power Statistics, Annual and Monthly; Federal Power Commission data in U.S. Bureau of Mines, Minerals Yearbook, 
Annual; and Federal Power Commission data in Edison Electric Institute, Statistical Yearbook of the Electric Utility Industry, 
Annual. 

Source of Projections: Tables 6 and 7. 


TABLE 9 


Fuels Used for Electric Generation, by Type of Fuel, Total Electric Utility Industry, West Region, 
by Sub-region, 1950-1990 


Nuclear fuel 


Natural Coal, 
, gas, Oil, thousand Thousand 
Year Region million thousand short megawatt- U;0;, ThO,, 
cubic barrels tons! days short short 
feet thermal tons tons 
basis 

Recorded: 

1950: 
Galitornia hese 40) eee eee 78, 322 9, 373 0 0 0 0 
Northwest so5...5mo-e Soars on oe eae 2, 024 366 201 0 0 0 
Rocky’. Mountain ics: tuciaatnae ne eens 46, 674 521 561 0 0 0 
Ota srare aka to ee, Ga 127, 020 10, 260 762 0 0 0 

1955: 
Oalifornia. i caucus alae ee 183, 664 21, 953 0 0 0 0 
IN ODED WESE ee sce LAY aR ees 1, 608 2 337 0 0 0 
IockysViountaln sae erie 93, 652 1, 245 908 0 0 10) 
Lota sis sutra eae ayy ce yeaa 278, 924 23, 409 1, 245 0 0 0 

1960: 
California sis diving. cla-w indy oosapaeeat Pine oe 322, 992 24, 051 0 0 (2) 0 
Northwest 5.2 sfaans. +. Santora .. eens ae Le s 31 1, 002 0 0 0 
Rockys Mountains .eenn eee ae ee 133, 978 2, 623 1, 761 0 0 0 
Ota eee Lee ic Cre eer ee 458, 683 26, 705 2, 763 0 0 0) 

1965: 
Cahfornia scsmsanae eae ee eee 492, 201 16, 692 0 Si 14 0 
IN GPUNWESE sd once tte tet an era ee D292 40 PL PRY | 0 0 0 
Rocky: Mountains 2745 iui ce eee ee 133, 763 1, 823 5, 492 0 0 0) 
ROtBl ays, oii sk aac eee eee meee 628, 256 18, 555 7, 729 37 14 0 

See footnotes at end of table. 
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TABLE 9—Continued 


Nuclear fuel 


Natural Coal, 
as, Oil thousand Thousand 
Year Region million thousand short megawatt- U,0; ThoO,, 
. cubic barrels tons days short short 
feet thermal tons tons 


basis 
ie 


Projected: 

1970: 
RII orks bb PRs sie «TE ods 719, 000 22, 270 2, 840 469 627 0 
INI Gya(l NES Bac PR ae cea Ost ee (2) 35 1, 400 593 400 0 
NOCKVENVloUntainnns sos crate: + «5 a-2 biel 136, 000 1, 400 25 OM an ee cee eee ere cie 0 
DEE TS ae 855, 000 235705 15, 496 1, 062 1, 027 0 

1975: 
BereROM MARES wk Soe IN ss alts co 641, 000 48, 320 10, 800 6, 314 2, 397 0 
EN OMCWES Us ter tty tr os cu ohte re bath tts 5 (2) 5 11, 100 1, 528 1, 038 0 
Rocky vMiountains7 >.) 5 Skene oc ech. 161, 000 1, 400 Wh JE 200 155 3 
LUGE 5.0) SB ath tales ot aS Ca eee 802, 000 49, 725 39, 673 8, 042 3, 590 3 

1980: 
PLES Sa yee ea 478, 000 49, 370 14, 700 DD) a, 27/2 5, 430 0 
INK SE ENS ls SoG Se ee OS ee ae eee (2) 5 19, 900 5, 274 2, 705 0 
FROCK YAN OUNtAID ere) pera) aie ais so) sit eae. os 207, 000 1, 400 24, 664 224 40 3 
ERG Cal ee eer eave eer eo ce CS gayee & 685, 000 SOS 59, 264 26, 770 8,175 3 

1985: 
Waliionniawerme uy citric ee os 456, 000 48, 640 19, 885 39, 768 7, 800 0 
INODtO Wester te ean facet ele (2) 5 25, 200 14, 073 3, 500 8) 
VOCKV MN TOUMtALN cn.0nge eines sche ow She oni. + 185, 000 1, 400 34, 539 1, 039 330 65 
TUE RYE Al ere 641, 000 50, 045 79, 624 54, 880 11, 630 65 

1990: 
Bean ee he Gf ks pace Oss x''e 456, 000 46, 020 27, 800 58, 900 9, 800 0 
IN OL WeStreme cde Hint ies casket cicikh. ais, 45 (2) 5 30, 600 30, 012 5, 180 0 
TROCKVaNVLOUMTAIN Gi cher tartan cs uss hye tt 268, 000 1, 400 40, 136 2, 728 660 100 
DOCS LS Sa Gee eR cea See ee 724, 000 47, 425 98, 536 91, 640 15, 640 100 


1 Coal shown for California produced and used in Rocky Mountain Subregion. 

2 Negligible. 

Note 1.—Except for ThO,, which was separately estimated, nuclear fuel use in the Northwest and Rocky Mountain 
Regions was estimated at the same ratio to nuclear generation as for California. 

Note 2.—Projected oil and coal use in the Northwest Region estimated from the corresponding electric generation, 
standard conversion factors for Btu content of fuels (Table 45) and heat rates (Table 6). 

Sources of recorded data: Federal Power Commission, Consumption of fuels for Electric Energy, 1951, pages 10 & 14: Electric 
Power Statistics, 1955, 1956, 1960, 1961, 1965 and 1966, monthly; and FPC data in U.S. Bureau of Mines, Minerals Yearbook, 
1955, 1960, 1965, and preprints therefrom. Nuclear fuel use computed from the efficiencies and net generation at Pacific 
Gas and Electric Company plants. 
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TABLE 10 
Electric Generation, Percent Distribution by Energy Source, Electric Utility Industry, West Region, 


= 1950-1990 
[In percent] 
Thermal 
Year Natural Internal Hydro Total 
gas Oil Coal Nuclear Other! Total combus- 
tion 
Recorded: 
195042 See 13.6 e/ ee 0. 0 Oy & 225) 0.5 Ties 100. 0 
LO5 See 2285 Wh LA/. 30 + Bi, 2 3} 63. 5 100. O 
LOGO eee 29.6 10. 8 2.9 (*) (2) 43.3 £3. 56. 4 100. 0 
96S eas 30. 3 5.4 6. 4 I aa | 42.3 504 So 100. 0 
Projected: 
TO7OR Aa eee 30. 1 bes 9.9 26 a2 48. 3 al 51.6 100. 0 
VOT Sen eee 2053 7.9 18. 0 14. 1 5S) 60. 8 anil 39. 1 100. 0 
198072 hae WI Bh 19.6 GA, ©) nO 70. 8 all 20m 100. 0 
HOSS ee eae 7.8 3.6 19. 1 46. 8 .6 77.9 Fl 2250 100. O 
ESO O ree ORs 2, 5) 75 2 56. 9 oD 83. 4 pill 16.5 100. 0 
1 Wood Waste, Geothermal and Other. 
2 Less than 0.05%. 
Source: Table 7. 
TABLE 11 
Natural Gas Marketed Production, by States, West Region, 1946-66 
{Billion Cubic Feet] 
Northwest Rocky Mountain Total, 11 Non- United 
Year California western western States 
Montana Wyoming Total! Arizona Colorado New Utah Total ! states states total 
Mexico 
104622 4. 488 31 33 64 0 7 119 4 130 682 3, 349 4,031 
1946:S-oe eee 509 31 36 67 0 8 120 4 132 708 3, 442 4,150 
194 (roe nee 561 34 46 80 0 8 143 6 157 798 3, 784 4, 582 
1948.2-0 2 ee 571 37 52 89 0 9 195 6 210 870 4, 278 5, 148 
1949; 5-8 ae 551 35 51 86 0 8 205 6 219 856 4, 564 5, 420 
1950 =e 558 39 62 101 0 11 213 4 228 887 5, 395 6, 282 
att) eee a 567 36 72 108 0 14 300 4 318 993 6, 464 7, 457 
19522352 a 517 29 75 104 0 34 359 3 396 1,017 6, 996 8, 013 
O53 oir seas 53L 28 76 104 0 29 399 i 435 1,070 7,327 8, 397 
O54 eee 507 30 71 101 0 46 449 16 511 1,119 7, 624 8, 743 
190522222 ee 538 28 78 106 (4) 49 541 17 607 1, 251 8, 154 9, 405 
O56 Spa 505 26 84 110 (4) 54 627 17 698 1,313 8, 769 10, 082 
LOn7 es 492 29 117 146 0 95 723 17 835 1, 473 9, 207 10, 680 
1958 eee 466 28 121 149 0 83 761 19 863 1, 478 9, 552 11, 030 
1959 ee ee 485 31 157 188 0 100 740 39 879 1, 552 10, 494 12, 046 
1960S 518 33 182 215 0 107 799 51 957 1, 690 11, 081 12,771 
LOG Leta soe 556 34 195 229 0 108 790 57 955 1, 740 11, 514 13, 254 
LOG25 2.2 564 30 205 235 0 102 805 74 981 1, 780 12, 097 13, 877 
L963 22a 646 30 209 239 1 106 809 77 993 1,878 12, 869 14, 747 
1964.25 ana 664 25 233 258 2 114 879 80 1,075 1, 997 13, 465 15, 462 
LOG5 35 -e ee 660 28 236 264 3 126 937 72 1,138 2,062 13, 978 16, 040 
OGG See 690 31 243 274 3 137 998 69 1, 207 2,171 15, 036 17, 207 


1 None in Idaho, Nevada, Oregon, Washington. 

2 Reported. 

3 Adjusted to new basis to cover transmission losses and net to storage. 

4 Under 0.5 billion. 

Source: U.S. Bureau of Mines, Minerals Yearbook, Annual; preprints therefrom; Mineral Industry Surveys, Natural Gas, 1966. 
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TABLE 12 


Natural Gas Supply, West Region, 1946-66 
(Billion cubic feet] 


Supply Deductions 
Trans- Net Net 
Year Marketed Net imports, by source Total mission additionsto supply 
production. ——__————— ehhh supply losses and under- consumed 
Other U.S. Canada Total unaccounted ground 
for— storage 

TORO ci. 1708 23 0 23 19 2 20 6 705 

CU a 798 30 0 30 828 522 (4) 806 

NOES Soren 4» 870 72 0 72 942 3 30 2 910 

PaO ais. a's. 856 149 0 149 1, 005 3 48 4 953 

i 887 228 0 228 ilo 3 25 14 1, 076 

el Cae 993 Pais) 0 275 1, 268 3.39 —4 1, 233 

hes 1,017 282 8 290 1, 307 339 11 1, 261 

| ks 1, 070 340 9 349 1,419 3.45 14 1360 

POOF nice. 19 339 7 360 ee wpe) 337 9 1, 433 

Ve ea 13251 370 ii) 381 631 27 —1 1, 605 

1956 5.2.45. 1, 313 390 10 400 eis 39 q 1, 667 
hn 1, 473 402 21 423 1, 896 29 17 1, 850 

Be aes 0 1, 478 342 90 432 y.910 34 21 1, 855 

ii lap oe 479 83 562 2, 114 54 9 2, O51 

19GOLF e. 5s 1, 690 516 96 612 2, 302 45 16 2, 241 

1) 1, 740 608 108 716 2, 456 54 —3 2, 405 

et a 1, 780 551 288 839 2, 619 60 42 2 ols 

NOS Foca’ - 1, 878 548 294 842 25720 69 39 2,612 

| W964. ss 1, 997 638 317 955 25952 66 23 2, 863 
| DOG Rivojaats +. 2, 062 630 328 958 3, 020 93 33 2, 894 
1966. ce. ..: 21 609 5 355 964 35435 86 —6 3, 055 


1 Reported figure, 682 billion, adjusted to new basis, to cover deductions. 

| 2 Estimated from trends. 

3 Computed: total supply less net supply consumed and net additions to underground storage. 
4 Less than 0.5 billion cubic feet. 

5 Includes 3 billion from Mexico. 


Source: U.S. Bureau of Mines, Minerals Yearbook, annual; preprints therefrom; Mineral Industry Surveys, Natural 
Gas, 1966. 
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TABLE 13 
Natural Gas Requirements, by Type and Sub-region, 1946-90 


[Billion cubic feet] 


Electric generation fuel Other consumption Netto underground storage, transmission Total Disappearance 
loss, & unaccounted for— 
Year —_s 
Cali- North- Rocky Total Cali- North- Rocky Total Cali- North- Rocky Total Cali- North- Rocky Total 
fornia west Mountain west fornia west Mountain west fornia west Mountain west fornia west Mountain west 
region region region region 
Recorded: 
O4G eee ee ee 19 1 16 36 469 50 150 669 21 3 2 26 509 54 168 731 
O50 seen ee a ee ote 78 2 47 127 606 74 269 949 22 2 15 39 706 78 331 1,115 
TN ee A eee 184 2 93 279 836 85 405 1, 326 25 —1 2 26 1, 045 86 500 1, 631 
1 eke ee ee ee 323 2 134 459 988 231 563 1, 782 45 14 2 61 1, 356 247 699 2, 302 
NOG Hue as anor wee Se ee 492 2 134 628 1, 265 337 664 2, 266 66 21 39 126 1, 823 360 837 3, 020 
NOCGeseeee Seen 597 3 151 751 1, 288 368 648 2, 304 4 26 50 80 1, 889 397 849 3,135 
Projected: 
1OT0R ee aes ae 719 (2) 136 855 1, 538 477 764 2,779 50 25 40 115 2, 307 502 940 3, 749 
ii eee oe eee 641 (4) 161 802 1, 812 675 895 3, 382 60 25 45 130 2, 513 700 1, 100 4, 313 
LOSQ sweeten See ee 478 (4) 207 685 2, 082 796 993 3, 871 70 25 50 145 2, 630 821 1, 250 4, 701 
1OR 5 Se Moe So 456 () 185 641 2, 257 891 1,150 4, 298 75 25 55 155 2, 788 916 1, 390 5, 094 
ROO0 bs sone a 456 (2) 268 724 2, 407 995 1, 185 4, 587 80 25 60 165 2, 943 1, 020 1, 513 5, 476 


1 Less than 0.5 billion cubic feet. 
Source of actual data: U.S. Bureau of Mines, Minerals Yearbook, annual; preprints therefrom; Mineral Industry Surveys, Natural Gas Production and Consumption, 1966. 


Source of projections: Total requirements, 11 Western States, projected on the basis of percentage changes of projections in Future Requirements Committee, Under the Auspices of the Gas Industry 
Committee, Future Natural Gas Requirements of the United States, Vol. 2, June 1967, Denver Research Institute, University of Denver, page 6. By starting the projections from the 1966 actual rather than 
estimated 1966 amount, an abrupt 16.9% increase for 1965-66 in the Denver estimate for the 11 Western States is reduced to a more normal 3.8%. Projections for later years start from this lower base. The effect 
is believed to be largely to exclude that part of interruptible requirements normally unmet due to curtailment. Such curtailment is expected by the customers concerned and it would be uneconomical for gas 
suppliers to install sufficient additional peaking capacity to assure avoidance of this normal curtailment. So only that curtailment beyond normal is considered here as a failure to meet requirements. 

The above adjustment also prevents an abrupt drop in the percentage share of California in the 11 state total. 

California total extrapolated to 1975 on basis of percentage changes of sendout plus net to storage from: 1967 California Gas Report, prepared pursuant to Decision No. 62260, Case 5924, California Public 
Utilities Commission, Tables la-lc. To the latter the present figures in effect add field and other use included in U.S. Bureau of Mines figures. Normal curtailment is excluded. The remaining regional 
breakdown of total requirements is based in part on percentage changes in the Denver report for regions overlapping the regions here used. Electric generation requirements are from Table 9. The California 
and the 11 state total disappearance was adjusted up in 1970 and down in 1975, and by extrapolation thereafter, for the difference between electric generation requirements in Table 9 and those in Case 5924 
report: 1970, 72 billion CF; 1975, 22 billion CF; 1980, 120 billion CF; 1985, 142 billion CF; 1990, 142 billion CF. 

The 1990 total disappearance was reduced by 183 billion CF so that the 1985-90 increase would be reduced to 7.5% and so be less than the 8.4% for 1980-85. The future Requirements Committee figures 
for the 11 states showed an abrupt 10.8% increase for 1985-90. 
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TABLE 13-A 
Percentage Changes in Natural Gas Requirements by Type and Sub-region, 1946-90 


[In percent] 


Electric generation fuel Other consumption Net stored underground, transmission Total disappearance 
loss, and unaccounted for— 
Year es eee a a ee 
North- Rocky Total Rocky Total North- Rocky Total Rocky Total 
California west Mountain west California Northwest Mountain west California west Mountain west California Northwest Mountain west 
region region region region 
Recorded: 
1946-502 oases ass 310. 5' (1) 193. 7 252.8 27.9 48.0 79.7 41.9 (4) (4) (1) (1) 38. 7 44.5 97.0 52. 5 
1950-56 5252 2305-22 135.9 (1) 100. 0 120.5 38.0 13. 5 50. 5 39.7 (1) (4) (1) (1) 48.0 10. 2 61.3 46.4 
1955-602 ote ose 75.5 (4) 42.5 64. 5 18. 2 171.8 39.0 34. 4 (1) (1) (1) (1) 29.8 187. 2 39. 5 41.1 
1960-66222 = oe saoes 52.3 (1) .0 36.8 28. 0 45.9 17.9 27. 2 (2) (1) (1) (1) 34.4 45.9 19.7 31.2 
Projected: 
1965-70 c25 ssc 5-2-28= 46.1 (1) 1.5 36. 1 21.6 41.5 15.1 22.6 —24, 2 19.0 2.6 —8.7 26.6 28.3 ial 24.1 
1970=(52-s022- <n —10.8 0.0 WE? —6.2 17.8 41.5 aaa 21.7 20. 0 .0 12.5 13. 0 8.9 39. 4 17.0 15.0 
1975-80. 2224 - eaee 25. 4 0 29, 4 —14.6 14.9 17.9 10.9 14.5 16.7 .0 iG 11.5 4.7 17.3 13.6 9.0 
1980-85232 esle ee —4.6 0 10.6 —6.4 8.4 11.9 15.8 11.0 Tod .0 10. 0 6.9 6.0 11.6 11.2 8.4 
1985-902 =eeonees a=. e .0 0 44.9 12.9 6.6 1 By 3.0 Oe 6.7 0 9.1 6.5 5.6 11.4 8.9 7.5 


1 Not significant. 
Source: Table 13. 


TABLE 14 
Natural Gas Available Proved Reserves and Requirements, West Region 1966-1990 


[Trillions of cubic feet] 
Recorded Projected 
1966 1970 1975 1980 1985 1990 
Reserves, end of year: 
US: total Pareto nce Re rena 1 289. 3 2 300. 0 2 310.0 2 305. 0 2 295. 0 2 260. 0 
Available to 11 Western States: 
In 11 Western States (10.5% of U.S.)...... 130.5 wil, & 32256 3250 27.3 
In Other U.S541% of US?) 33 11.7 12.3 12a 12.5 12 10. 7 
Total available in United States (14.6% of 
WS 2) oa aes eaters Sine 42. 2 43.8 45. 3 44.5 43. 1 38. 0 
Ganada;” ‘Total! 4. ance Sanne eee 143.5 Ola 1 58. 0 64. 0 70. 0 7530 
Available to 11 Western States (31.3% 5)....... 13.6 16. 0 1L8e2 20. 0 21.9 D3a5 
Total available to 11 Western States......... Gs 633 59. 8 63.5 64. 5 65. 0 61.5 
Requirements, annual ©: 5025.8 &o50/eebicn aaa Sak oy 4.3 4.7 5. 1 io 
Reserves requirements: 
Indicated life of reserves available to 11 Western 


tates,: years. Fic ni. cr eet aie a teeter emer 18.0 16. 2 14.3 L337 12.8 Iie2 


1 American Gas Association, American Petroleum Institute, and Canadian Petroleum Association, Reserves of Crude Oil, 
Natural Gas Liquids, and Natural Gas in the Umted States and Canada as of December 31, 1966, pages 109 and 256. 

2 Approximates projection by H. R. Liaden, Director, Institute for Gas Technology, “U.S. Natural Gas Supply and De- 
mand,” Public Utilities Fortnightly, Vol. 81, No. 3, Feb. 1, 1968, page 17. 

3 Based on share of marketed production in other U.S. imported net into the 11 Western States in 1966. Data source: U.S. 
Bureau of Mines, Mineral Industry Surveys, Natural Gas Production and Consumption, 1966, page 2. 

4 Craig, O. R., et al., Oil and Gas Conservation/Board, Province of Alberta, Canada, “Oil and Gas Reserves in Western 
Canada,” paper presented at Engineering Institute of Canada, Zone A Technical Conference, Edmonton, Sept. 12-14, 
1962, page 10, Reduced 7.1% to marketable basis. 

5 Share of Canadian marketed production received in 1966. Data Source: U.S. Bureau of Mines, op. cit., page 2. 

6 Table 13. 
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TABLE 15 
Estimated Ultimate Natural Gas Supply Available to the West Region 


[Trillions of cubic feet] 


Low Medium High 
Peo uiumate Cumulative recovery 2... a<0AT Re i SR eas wc 998 11, 740 2 2, 000 
2: Bese AStsPrOGUCHONGtOROe LY L900 8 oi). itriece sas es) s occ Lecse oe eee e 308 308 308 
Pen EMMIICLITIALG. LULULe TECOVELY nate « whila-smichesters «© + ogists Bays sos ellen oss os 4690 1, 432 1, 692 
4. Dec. 31>-1966; proved recoverablesererves®..... 2) 290 8 ee 289 289 289 
o: IP ICUISCOVETICS rnc coche ae Oe ae ee Si Reh eb BOS 401 1, 143 1, 403 
6. WMetalorature srecovery: (= line 3) Fi 8%. ss sc cc salen hohe ee enees 690 1, 432 1, 692 


a 


7. Future recovery available to 11 Western States: 

8. cate LT NUS Cor SNES) PATS: fs once ars 2 gi A le a105 6150 6 178 

9. IPO RONCE TA) SS. ate, Pew Motes: sore eines Weed, rahe SA oe aR a 724 ae 62 
10. Total from U.S. sources (14.6% of U.S. total). 0.0.00... 0... cece eee 129 203 240 
imme anadian ultimate {ture TECOVETY 5 = «ccs nie acidic 3 ars wn oe nee cee gee een Me 8'250 9 300 10 350 
2, Pcrcemtrayauamie to Ls vVestern States: fot ee ee cece as ee seen. 30. 0% 11 31.3% 33.39) 
13. memount available-to 1) Western States: ....55 626.2 ecues caver ccas 75 94 ii We 
14. Total future availability to 11 Western States (lines 10 & 13).............. 204 297 357 
15. Equals roughly projected requirements through the year................... 2, 005 2, 020 2, 030 


1 Linden, H. R., Director, Institute for Gas Technology, ‘“‘U.S. Natural Gas Supply and Demand,’’ Public Utilities 
Fortnightly, vol. 81, No. 3, Feb. 1, 1968, page 17. 

2 Hendricks, T. A., Resources of O1l, Gas and Natural—Gas Liquids in the United States and the World, U.S. Geological Survey, 
Circular 522, 1965, reprinted 1966, page 12. 

3 Production of 230 trillion cubic feet through 1961, given by Hendricks, page 12, plus 78 trillion produced during 1962- 
1966, given by U.S. Bureau of Mines, Mineral Industry Surveys, Natural Gas, annual. 

* Potential Gas Committee, Potential Supply of Natural Gas in the United States as of December 31, 1966, sponsored by Potential 
Gas Agency, Mineral Resources Institute, Colorado School of Mines Foundation, Inc., pages 8-9. Included probable, possible 
and speculative amounts. 

5 American Gas Association, American Petroleum Institute, and Canadian Petroleum Association, Reserves of Crude Oil, 
Natural Gas Liquids, and Natural Gas in the United States and Canada as of December 31, 1966, page 109. 

6 Estimated at 10.5% of U.S. total, based on share of December 31, 1966, reserves in ibid., page 109. 

7 Estimated at 4.1% of other U.S. availability, based on share of marketed production in other U.S. imported net into 
the 11 Western States in 1966. Data Source: U.S. Bureau of Mines, Mineral Industry Surveys, Natural Gas Production and 
Consumption, 1966, page 2. 

8 Craig, D. R., et al., Oil and Gas Conservation Board, Proviace of Alberta, Canada, ‘‘Oil and Gas Reserves in Western 
Canada,”’ paper presented at Engineering Institute of Canada, Zone A Technical Conference, Edmonton, September 
12-14, 1962, page 10. 

9 Stalbach, J. G., Chief Engineer, National Energy Boaid, Canada, as quoted in the Oil and Gus Journal, vol. 64, No. 39, 
September 26, 1966, page 57. Allowance of 8 trillion cubic feet is added for omitted areas, the Arctic Islands and Continental 
Shelves. Cumulative production through 1966 is deducted. 

10 Estimate based in part on statement by Stalbach, op. cit., page 57, that ultimate reserves, including the Arctic Islands 
and Continental Shelves, could be substantially greater than the 300 trillion cubic feet now estimated. 

11 Share of Canadian marketed production received in 1¥66. Data Source: U.S. Bureau of Mines, Mineral Industry 
Surveys, Natural Gas Production and Consumption, 1966, page 2. 
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TABLE 16 
Estimated Natural Gas From All Sources Available to the Eleven Western States, 1966-1990 


[Trillions of cubic feet] 


Recoverable gas available to the eleven 5-year total 
western states 
Total Remaining in the ground Net 
Year end ultimate Less Gross change 
future cumu- Undis- additions Less in 
recovery ! lative covered Proved to proved consump- proved 
con- Total or un- recoverable recoverable tion ” recover- 
sumption proved reserves ° reserves able 
reserves 
19665 ass pans eee 297 0 297.0 24152 59) B26 Gach nena nee area er 
1910 eee ees oF, 13. 8 283. 2 223. 4 598 £1758 413.8 4.4.0 
1B Fe Ses ean ee a 207) O59 20301 199. 6 63. 5 23.8 20. | 3a0/ 
AS OMe eee ee 297 56. 4 240. 6 176-71 64. 5 PRI 225 1.0 
LOEB i nro vet a 297 80. 9 216. 1 Rep as 65. 0 29.0 24.5 WS 
POOU yee eres 20 f 107. 3 189. 7 128. 2 61.5 22.9 26. 4 —3.5 


1 Table 15, Line 14, Medium Estimate. 
2 Based on Table 13, interpolating for years not shown. 


3 Represents 14.6% of U.S. reserves plus 31.3% of Canadian reserves, in accordance with Medium Estimate, Table 15, 
lines 10 and 12; and also Table 14. 


4 Four years. 
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TABLE 17 


Estimated Proved Recoverable Reserves of Natural Gas 
[Billion cubic feet] 


Northwest Rocky Mountain Total, Non- United 
Year end California, —— \$A west western States, 
Montana Washington Wyoming Total ! Arizona Colorado Nevada AEDs Utah Total region States total 
exico 
RAD ic eis ee eee eee Smee 10, 856 1, 203 0 817 2, 020 0 396 0 5, 190 (2) 5, 586 18, 402 129, 327 147, 789 
OE GE Se ie De ee Se ee seo 11, 126 853 0 1, 036 1, 889 0 316 0 5, 905 (2) 6, 221 19, 236 141, 340 160, 576 
104 7 ane ene ee ae oh ore eee oc 10, 164 701 0 1, 192 1, 893 0 332 0 5, 990 67 6, 389 18, 446 147, 481 165, 927 
1 OAS eee ee ee ee oe ea oa 10, 193 853 0 2, 094 2, 947 0 1, 349 0 5, 606 70 7, 025 20, 165 153, 704 173, 869 
5 ee es ee ee oe iene 9, 992 803 0 2, 174 2,977 0 1, 227 0 6, 241 66 7, 534 20, 503 159, 878 180, 381 
1950 seen a ara ee ee rene oases 9, 760 797 0 2, 195 2, 992 0 1, 115 0 6, 991 85 8,191 20, 943 164, 650 185, 593 
TE i alee AS eo deer a 9, 482 828 0 2, 340 3, 168 0 1, 138 0 11, 590 96 12, 824 25, 474 168, 337 193, 811 
LOS Cee cee cane oa a eee eons 9, 340 828 0 2, 321 3, 149 0 1, 164 0 14, 039 283 15, 486 27,975 171, 741 199, 716 
SOS fon an es ene ee eee 9, 159 764 0 2, 740 3, 504 0 1, 864 0 17, 522 1, 113 19, 499 32, 162 178, 285 211, 447 
1G} 4oe = een eee ewe Genes Sa 9, 027 724 0 2, 855 3, 579 (2) 1, 933 0 17, 241 387 19, 561 32, 167 179, 544 211, 711 
1050 Sere ere a nee eS ee 8, 893 720 0 3, 196 3,916 (2) 2, 254 (2) 18, 585 421 21, 260 34, 069 189, 628 223, 697 
Tei A ane Nee oe Saale ape 8, 751 696 0 3, 236 3, 932 (2) 2, 423 (2) 23, 473 620 26, 516 39, 199 198, 576 237, 775 
105 (eee et Sone eons ams S 8, 953 670 0 3, 457 4,127 (2) 2, 381 (2) 22, 258 859 25, 498 38, 578 207, 991 246, 569 
TOSS eee ee eee cee eee oe eae ee 8, 967 682 0 3, 650 4, 332 0 2, 349 0 21, 180 1, 058 24, 587 37, 886 261, 256 254, 142 
1950S ees ane ee ee eS se 8, 593 665 0 3, 847 4, 512 (2) 2, 496 0 17, 913 1, 264 21, 673 34, 778 227, 819 262, 597 
19G0SE EN see nese ee en ee teccsa ce 8, 844 626 0 3, 935 4, 561 (2) 2, 043 0 15, 604 1, 526 19, 173 32, 578 231, 181 263, 759 
GSS Sa tek We SS te ak eee 9, 104 596 0 4,127 4, 723 (2) Pilea l 0 14, 758 2, 030 18, 801 32, 628 234, 942 267, 728 
TESCO AEE SP ed. pc hee Re len eae, Ca 9, 121 600 0 3, 931 4, 531 (2) 2, 205 0 14, 113 1, 786 18, 104 31, 756 240, 523 272, 279 
(G3 fe = Ss Be Se ee ee oe ee 8, 866 598 (2) 3, 989 4, 587 (2) 1, 876 0 15, 038 1, 638 18, 452 31, 905 244, 146 276, 151 
RGM ot, ak ee ly pe 9, 054 590 (2) 3, 769 4, 359 (2) 1, 729 0 15, 354 1, 519 18, 602 32, 015 249, 236 281, 251 
OGH Sree een ee Sema ce 8, 832 596 (2) 3, 703 4, 299 (2) 1, 718 0 15, 375 1, 439 18, 532 31, 663 254, 806 286, 469 
ORG Bee ees Sane ee 5 ene apne os 8, 474 620 (2) 3, 594 4, 214 (2) 1, 651 0 14, 753 1, 372 17, 776 30, 464 258, 869 289, 333 


1 None in Idaho, Oregon. 2 Under 0.5 billion. 


Source: Amer. Gas Assn., Amer. Petr. Inst., Canadian Petr. Assn. Reserves of Crude Oil, Nat. Gas Liquids, and Nat. Gas. Annual. 


TABLE 18 


New Discoveries Initially Included in Estimated Proved Recoverable Reserves of Natural Gas, 
1947—66 


(Billion cubic feet] 


Northwest Rocky Mountain Total Non- United 
Year California west western States, 
Montana Wyoming Total 1 Colorado New Utah Total ! region States total 
Mexico 

1947 soe eee 58 49 41 90 15 311 0 326 474 2, 936 3, 410 
104 Fe See ee 111 2 588 590 408 109 10 527 1, 228 2,901 4,129 
1949 ee 188 4 108 112 5 146 (?) 151 451 4, 162 4, 613 
1950s 2S oe 72 0 3 3 41 124 15 180 255 2, 622 2,877 
1951 se 234 hee eee 67 0 67 67 25 132 6 163 297 2, 742 3, 039 
1952: so ee 66 17, 21 38 42 217 3 262 366 5, 045 5, 411 
[9bSS eee ewes 50 1 24 25 213 301 13 527 602 6, 480 7, 082 
O54 ee eee 59 23 229 252 174 550 8 732 1, 043 3, 924 4, 967 
L955 <= ee 73 17 113 130 73 254 50 377 580 5, 139 5, 719 
195625 eee 76 it 17 18 73 340 47 460 554 5, 082 5, 636 
iy Ges somes es pte 145 1 114 115 55 216 65 336 596 8, 403 8, 999 
19 5S ae Byer eee sees 57 38 176 214 53 175 2 230 501 5, 110 5, 611 
19 5Q ee eee eee 56 14 145 159 26 196 74 396 611 5, 190 5, 801 
LOGOS een te eee 325 0 94 94 122 127 64 313 732 5, 905 6, 637 
OGL eae ee ones 268 7 134 141 56 50 93 199 608 6, 337 6, 945 
19625 es en 223 5 59 64 20 109 35 164 451 5, 883 6, 334 
LOG Se reee ey eee 106 2 27 29 24 91 20 135 270 5, 308 5, 578 
O64 See ee 142 2 70 72 18 86 1Z 116 330 6, 579 6, 909 
1965. =e eee 108 (?) 96 96 18 79 8 105 309 6, 235 6, 544 
1966.4 37 23 32 55 9 44 314 367 459 5, 599 6, 058 


1 None in Idaho, Oregon; negligible in Arizona, Nevada, Washington. 
2 Under 0.5 billion. 


Source: Amer. Gas Assn., Amer. Petr. Inst., Canadian Petr. Assn., Reserves of Crude Oil, Nat. Gas Liquids, and Nat. Gas, Annual. 


TABLE 19 


Revisions and Extensions of Estimated Proved Recoverable Reserves of Natural Gas in Previously 
Discovered Fields, 1947—66 


[Billion cubic feet] 


Northwest Rocky Mountain Total Non- United 
Year California west western States, 
Montana Wyoming Total ! Colorado New Utah Total } region States total 
Mexico 

19475 5 eee —460 —166 165 —1 12 6 (2) 18 —443 8, 014 7, 571 
1948 tere ee 499 189 363 552 622 —215 0 407 1, 458 8, 311 9, 769 
AY ee ene ee tela 152 —17 44 27 —102 738 2 638 817 7, 244 8, 061 
195022 eee 225 35 97 132 —134 867 8 741 1, 098 8, 074 9,172 
LOS Tees Se 171 69 161 230 23 4, 786 9 4, 818 5, 219 7, 795 13, 014 
1952 2 ees eee! 269 13 36 49 32 2, 669 188 2, 889 3, 207 5, 727 8, 934 
1953 eee ae 219 —51 481 430 543 3, 540 827 4,910 5, 559 7, 812 13, 371 
LOG4S eae a ae 288 —31 —27 —58 —50 —331 —717 —1, 098 —868 5, 500 4, 632 
L955 See eee 305 11 351 362 317 1, 621 2 1,940 2, 607 13, 691 16, 298 
LODO sie ae oes 258 6 152 158 188 5, 223 170 5, 581 5, 997 13, 218 19, 215 
NOS (see ee ee ie 516 1 261 262 40 —685 192 —453 325 10, 793 11, 118 
LOD SRS ea. ct re 378 (2) 154 154 47 —529 234 —248 284 13, 105 13, 389 
JO5 Ones eee ete - 39 —3 255 252 236 —2, 759 176 —2, 347 —2, 056 10, 989 14, 933 
LOGO eee ee 295 —17 200 183 —475 —1, 654 260 —1, 869 —1,291 8, 624 7, 333 
L9G Tee ee eo eae 518 1 328 329 167 —150 467 484 1, 331 8, 984 10, 315 
1962S Ns Fee 362 4 —18 —14 112 54 —190 —24 324 12, 933 13, 257 
L903 2 ee ee 226 11 243 254 —260 1, 563 —100 1, 203 1, 683 11, 120 12, 803 
1964 sae eee 672 7 —54 —47 —64 1, 017 66 987 1, 612 11, 731 138, 343 
UC fies ae eee 279 24 101 125 82 880 —25 937 1, 341 13, 435 14, 776 
1066 2a veces ae 329 20 124 144 53 337 —11 379 852 13, 311 14, 163 


1 None in Idaho, Oregon; negligible in Ariz., Nev., Wash. 
‘Under 0.5 billion. 


Source: Amer. Gas Assn., Amer. Petr. Inst., Canadian Petr. Assn., Reserves of Crude Oil, Nat. Gas Liquids, and Nat. Gas, Annual: 
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TABLE 20 
Residual Fuel Oil Supply and Demand Factors, West Region, 1950-1990 


{Amounts in millions of barrels] 


—————————————— nnn EERE 


All petroleum products 
Residual Fuel Oil—New Supply 


eee eee oOo 


Sales Refinery output Sales 
Year Crude oil Apparent Stock a 
New used as netimports Total change Percent Percent 
refinery residual or exports Total Regular Low Total residual Total residual 
output oil ~~) sulfur fuel oil fuel oil 
yield 
Recorded: 
NOs. 22 ee 134 2 —30 106 —17 123 ORY SE Soe ae 422 31.8 1390 31.6 
Ii 2 a 145 3 — 43 105 —18 123 12S eases eos 519 28.0 1501 24. 6 
Oe 116 1 —20 97 —§ 105 105 25.2 -se5= 576 20.1 1570 18.4 
HOGH Eee ss a =< 115 2 —13 104 11 93 OS erences 679 16.9 657 14,2 
IC 116 1 —13 104 2 102 NOS eeee nee 682 17.0 1695 14.7 
Projected: 
iQue sae 95 Soec eee 15} 90N ceeeecese 90 70 20 742 12.8 742 12.1 
TOWERS 34 Se eee tt So ee ee 60 VIO ease ee 110 55 55 827 6.0 827 13.3 
IG aS oe ee 70 105 2222p =n sees 105 45 60 898 3.9 898 vig La? 
ioc. 2 20 eee 80 LOO} See eee 100 40 60 943 Dal 943 10. 6 
OOO Ses we 10) Sea Sean & 85 95 Fe sno sete 95 35 60 985 1.0 985 9.6 


1 Partly estimated. 


Data Sources: U.S. Bureau of Mines, Minerals Yearbook, annual: Mineral Industry Surveys, annual, entitled: Crude Petroleum and Petroleum 
Products; Fuel Oil; and Petroleum Situation in District V. 


TABLE 21 
Residual Fuel Oil Supply by Type of Use, West Region,’ 1951-1966 


[Thousands of barrels] 


Competitive with gas Noncompetitive with gas 
Oil 
Electric company Space Vessels, Total 
Year generation Iudustrial? use? heating Subtotal Year Railroad civilian Military Other‘ Subtotal sales 
TORN 0 ae re 21, 237 19, 580 9, 727 8, 878 59, 422 1951 26, 338 25, 277 18, 879 2, 403 72, 897 132, 319 
TOY. poco 19, 282 22, 080 10, 587 10, 193 62, 142 1952 22, 436 26, 461 14, 142 2, 400 65, 439 127, 581 
(ORL... aaa 24, 137 20, 901 8, 515 9, 370 62, 923 1953 17, 404 31, 346 13, 591 2, 343 64, 684 127, 607 
LOGAN ne Se Tee 17, 619 21, 551 11, 924 9, 221 60, 315 1954 11, 505 27, 782 14, 834 2, 540 56, 661 116, 976 
TOS: or 24, 978 22, 756 12, 625 11, 525 71, 884 1955 10, 494 25, 132 12, 677 3, 018 51, 321 123, 205 
LOR. (0 i 27, 353 24, 643 9, 783 11, 972 73, 751 1956 5, 886 27, 107 12, 927 3, 019 48, 939 122, 690 
TONY a3 3 ri 27, 003 17, 471 8, 312 11, 234 64, 020 1957 2, 885 30, 203 9, 636 2, 988 45, 712 109, 732 
(QL) 18, 437 14, 031 10, 711 9, 344 52, 523 1958 3, 000 25, 832 13, 428 2, 625 44, 885 97, 408 
(OL eee 20, 018 12, 208 10, 616 9, 431 52, 273 1959 3, 207 28, 808 12, 192 1, 885 46, 092 98, 365 
(OT) 3-6 eee 25, 813 14, 105 9, 332 11, 664 60, 914 1960 2, 795 29, 308 10, 391 1, 781 44, 275 105, 189 
(CL. rr 25, 075 14, 810 8, 156 11, 959 60, 000 1961 2, 155 30, 328 14, 404 1, 416 48, 303 108, 303 
HOG Cee 19, 511 15, 789 9, 361 12, 151 56, 812 1962 2, 214 22, 787 13, 853 1, 608 40, 462 97, 274 
1033). .02 16, 759 14, 125 10, 881 12, 886 54, 651 1963 1, 702 18, 970 13, 059 1, 412 35, 143 89, 794 
CCG” ee 16, 189 15, 995 11, 894 11, 521 55, 599 1964 2, 115 23, 172 11, 796 1, 907 38, 990 94, 589 
TORS... ee 18, 097 14, 571 10, 514 9, 974 53, 156 1965 2, 477 19, 972 15, 725 1, 922 40, 096 93, 252 
TPH... Se 21, 649 16, 496 11, 208 9, 657 59, 010 1966 2, 160 19, 444 19, 204 1, 852 42, 660 101, 670 


1 Arizona, California, Colorado, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, Wyoming. 
2 Manufacturing, mines, smelters. 

3 Including small amounts of acid sludge and crude oil. 

4 Trucks, dredges, dust control, sprays, orchard heating, etc. 


Source: U.S. Bureau of Mines, Mineral Industry Surveys, Fuel Oil, annual; A Quarter Century of Fuel Oil Sales, 1926-50, Info, Circ. 7630, January 
1952. 
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TABLE 22 


Crude Petroleum Production in Relation to Petroleum Product Sales, 11 Western States, 1946-1966 
{Millions of barrels] 


Crude petroleum production 


Northwest region 


California 

Year Idaho Montana Oregon Washington Wyoming Total 
L946 2 jwise eee ae 315 0 9 0) 0 39 48 
KS oUF eercecncxc Sue ch orcacroanee sete 328 0) 8 0 0 62 70 
V95.5 Fans ero anes 355 0 16 0 (4) 99 115 
TOGO ra. ss RRB eee 4 305 0 30 0 (1) 134 164 
ROLE eeu Meee Ce, sa ge 316 0) 33 0 0) 138 171 
LOGO eres eee eek renee 345 0 39) 0 (1) 134 169 

Rocky Mountain region Total, 11 
Western 

Arizona Colorado Nevada New Mexico Utah Total States 
NOAG Fon c schomnce ee acess 0 1% 0 Bu 0) 49 412 
L950 strtee Pe ee ee 0) 23 0) 47 1 71 469 
LOSS sere ee ee: ere 0) 53 (4) 83 2 138 608 
[960 Steuer eee (4) 47 (4) 107 38 192 661 
LOGS Re ee ae ore (1) Bus (1) LS 25 178 665 
1966eoee eer een (1) 33 (1) 124 24 181 695 

Crude petroleum and petroleum products, 11 Western States 

Apparent Stock Petroleum Percent 

net imports change product self- 
or exports(— ) sales sufficient 2 

VOSGES i SERA ie aes Be pee =O 30 520 $1288 

bs ie a te ee a A RS ee 8 Lm —79 30 $4390 Sa20R2 

IS boo inet aoa peered ere wre traii se cr Sais WENN ional olh te 1S 3 —26 $2501 3121.4 

RSS| Ente ees ae eR eerie CREE SI, SEAR orl —78 13 se /0 3116.0 

T9OS4:. 5. PRR. « TERT fo vis so RU eee aes 7 15 657 101.2 

LEGG, | cae rret tio alsarcsc re Mee ae, iat ai nN a 3 3 8.695 3 100. 0 


1 Negligible. 
2 Crude Petroleum production/petroleum product sales. 
3 Partly estimated. 
Data Sources: U.S. Bureau of Mines, Minerals Y earbook, annual; Mineral industry Surveys, annual; Crude Petroleum 
and Petroleum Products; and Petroleum Situation in District 5. And Table 3. 
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TABLE 23 
Estimated Proved Reserves of Crude Petroleum and Natural Gas Liquids, 1946-66 


{Million barrels] 


Northwest Rocky Mountain Total Non- United 
Yearend California - west Western States 
Montana Wyoming Total 1 Colorado New Utah Total 1 region States total 
Mexico 

i 3, 602 113 615 728 302 617 (2) 919 5, 249 18, 788 24, 037 
1 Vine = 3a 3, 607 116 689 805 390 616 (2) 1, 006 5, 418 19, 324 24, 742 
1 OY ve, 5 ee 4,071 123 752 875 402 632 (2) 1, 034 5, 980 20, 841 26, 821 
TG) «4 4, 143 116 735 851 369 678 16 1, 063 6, 057 22, 322 28, 379 
No 4, 097 115 890 1, 005 352 686 22 1, 060 6, 162 23, 374 29, 536 
103. 4, 090 112 1, 019 1, 131 337 742 30 1, 109 6, 330 25, 863 32, 193 
OP. 2 =i 4,177 159 1, 122 1, 281 317 885 42 1, 244 6, 702 26, 255 32, 957 
11S eye 4, 244 212 1, 330 1, 542 330 1, 136 38 1, 504 7, 290 27, 093 34, 383 
O04 eree 4, 219 280 1, 354 1, 634 341 1, 146 36 1, 523 7, 376 27, 429 34, 805 
IMSS. oo ee 4, 126 306 1, 424 1, 730 347 1, 162 37 1, 546 7,402 28, 049 35, 451 
OSG Wee oe 4, 083 340 1,417 1, 757 375 1, 250 62 1, 687 7, 527 28, 810 36, 337 
ROD pene ee 4, 065 328 1, 471 1, 799 321 1, 152 140 1, 613 7,477 28, 511 35, 988 
HOGS ere 4, 169 345 1, 460 1, 895 413 1,311 214 1, 938 7,912 28, 828 36, 740 
O59 eee. 4, 088 323 1, 476 1, 799 406 1, 449 227 2, 082 7, 969 30, 273 38, 242 
TOGO Mee Peek 3, 972 278 1, 524 1, 802 388 1, 568 259 2, 215 7, 989 30, 440 38, 429 
TUG oa 3, 949 262 1, 481 1, 743 440 1, 591 269 2, 300 7, 992 30, 816 38, 808 
NOG2Ae eee tee 3, 948 259 1, 398 1, 657 410 1, 582 247 2, 239 7, 844 380, 857 38, 701 
1963 See ee eS 3, 890 281 1, 354 1, 635 390 1, 569 266 2, 225 7, 750 30, 894 38, 644 
HOG4Uae weet. S 4, 398 265 1, 297 1, 562 372 1, 533 274 2,179 8, 139 30, 598 38, 737 
OCS Memes os. 8 Se 4, 830 284 1, 263 1, 547 351 1, 438 248 2, 037 8, 414 30, 962 39, 376 
a. a a 4, 850 292 1, 159 1, 451 369 1, 584 256 2, 209 8, 510 31, 271 39, 781 


1 None in Idaho, Ore.; negligible in Ariz., Nev., Wash. 
2 Under 0.5 million. 
Source: Amer. Gas Assn., Amer. Petr. Inst., Canadian Petr. Assn., Reserves of Crude Oil, Nat. Gas Liquids, and Nat. Gas, Annual. 


TABLE 24 


New Discoveries Initially Included in Estimated Proved Reserves of Crude Petroleum and Natural 
Gas Liquids, 1947-66 


[Million barrels] 
Northwest Rocky Mountain Total Non- United 
Year California west Western States 
Montana Wyoming Total ! Colorado New Utah Total 1 region States total 
Mexico 

Ly 14 3 il 14 (2) 3 0 3 31 474 505 
OES eee tees 5 60 2 22 24 1 12 (2) 13 97 364 461 
1) a 176 (2) 12 12 (2) 42 1 43 231 752 983 
LO Uae il (2) 22 22 3 14 (2) 17 50 573 623 
Os 5 ane 7 2 23 25 2 10 6 18 50 415 465 
TYAS 45 27 16 43 8 24 1 33 121 457 578 
ICS. 21 3 9 12 34 15 (2) 49 82 606 688 
Oi? Se 29 2 24 26 28 12 (2) 40 95 577 672 
tis) ie oa a rr 31 5 8 13 19 10 (2) 29 73 471 544 
ici = a 20 8 7 15 5 24 27 56 91 470 561 
ys 16 1 11 12 3 16 22 41 69 476 545 
MODS eee = oes 16 5 8 13 6 16 1 23 52 371 423 
OS aes aes eS 9 3 5 8 3 21 (2) 24 41 438 479 
i ee iB 6 9 15 2 23 1 26 52 323 375 
NOG ieeere ee. 2 22 4 18 22 1 28 2 31 75 391 466 
OG 2 meres 4 2 17 19 2 23 u 26 49 484 533 
ie 12 4 12 16 2, 20 (2) 22 50 478 528 
Tee, a a a 41 6 15 21 4 7 5 16 78 419 497 
LOGS seer ot ee 50 2 20 22 2 8 il ll 83 500 583 


1 None in Idaho, Ore.; negligible in Ariz., Nev., Wash. 
2 Under 0.5 million. 


Source: Amer. Gas Assn., Amer. Petr. Inst., Canadian Gas Assn., Reserves of Crude Oil, Nat. Gas Liquids, and Nat. Gas., Annual. 
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TABLE 25 


Revisions and Extensions of Estimated Proved Reserves of Crude Petroleum and Natural Gas 
Liquids in Previously Discovered Fields, 1947—66 


{Million barrels] 
North west Rocky Mountain Total Non- United 
Year California west Western States 
Montana Wyoming Total 1 Colorado New Utah Total ! region States total 
Mexico 

1947244"). =. oe 350 10 108 118 103 41 (2) 144 612 1, 599 2, 211 
1048 2-0 ees 771 15 99 114 28 55 (?) 83 968 2, 837 3, 805 
194952 5.5. AE 256 3 20 23 —3 55 15 67 346 2, 246 2, 592 
LO50 5s 32.8 nae 299 7 195 202 4 43 iv 54 555 2, 151 2, 706 
19510 ee ees 370 4 177 181 11 108 3 122 673 4, 000 4, 673 
19522 eS ee oe 430 30 158 188 2 188 13 203 821 1, 907 2,728 
1953 2. os eee 442 62 284 346 15 317 —3 329 aba ilr/ 2, 235 3, 352 
1954S nye 2 Secs 333 80 92 172 30 85 (2) 115 620 1, 688 2, 308 
19553522 Sees 262 37 165 202 39 102 3 144 608 2, 233 2, 841 
1956 Ase. 520 eee 318 48 96 144 83 166 (2) 249 711 2, 512 3, 223 
195 fen ee eee eS 335 15 156 171 —1 —6 62 55 561 1, 456 2,017 
1958-48 ego eee 429 41 97 138 136 256 97 489 1, 056 1, 987 3, 043 
1959) 2ees 2 52 tee 247 5 142 147 40 238 54 332 726 3, 165 3, 891 
1960. eee ee 206 —19 176 157 31 229 70 330 693 2, 022 2, 715 
LOG ae ee eee 281 11 88 99 104 135 42 281 661 2, 226 2, 887 
1962s. eas ee 317 28 45 73 13 102 8 123 513 1, 868 2, 381 
L9CSHe ae 2 Ro eet 255 50 85 135 21 104 55 180 570 1, 954 2, 524 
196 4ee ee oo oe 792 8 76 84 16 101 33 150 1, 026 1, 750 2,776 
LOG0 seen 722 51 93 144 13 42 (2) 55 921 2,307 3, 298 
1966 = Se 378 44 32 76 49 291 31 371 825 2, 594 3,419 


1 None in Idaho, Oreg.: negligible in Ariz., Nev., Wash. 
2 Under 0.5 million. 
Source: Amer. Gas Assn., Amer, Petr. Inst., and Canadian Petr. Assn., Reserves of Crude Oil, Nat. Gas Liquids, and Nat. Gas, annual. 


TABLE 26 
Coal Production, West Region, 1946-1966 


[Thousands of short tons] 


Year Colorado Montana New Mexico Utah Washington Wyoming Total 

1OLGRS. |. | a 5, 914 3, 520 1, 280 5, 994 991 7, 635 25, 334 
Ge MR le aierdaoe A> 6, 358 3, 178 1, 443 7, 429 1, 118 8, 051 27,577 
as aaa er econo 5, 631 2, 815 1, 364 6, 813 1, 220 6, 412 24, 255 
IAG ek Abad a5 oR: 4, 636 2, 690 1, 004 6, 160 899 6, 001 21, 390 
[050890 Re oy 4, 259 2,512 727 6, 670 874 6, 348 21, 390 
19ST Bae 4, 103 2, 370 783 6, 136 857 6, 430 20, 679 
195 oreo tn. coon 3, 623 2,010 760 6, 140 844 6, 088 19, 465 
O53 ee oe cn a eee os Oe 1, 802 514 6, 544 690 5, 245 18, 370 
L954 2 3. eee ee ae 2, 900 1, 495 123 5, 008 619 2, 831 12, 976 
1 ee 3.568 1, 212 201 6, 296 610 2,927 14, 814 
LO 5G eth ees We an, teed 3, 502 846 158 (5 SP 473 22593 14, 054 
[OS Rae Meer: 3, 594 413 137 6, 858 360 2,117 13, 479 
19588. oe 2,974 305 117 5, 328 752 2, 629 12, 105 
LO 5D ee ith, See ee ee 3, 294 345 148 4, 545 242 1, 977 10, 551 
LOGO scesc, Se, apr antore leas 3, 607 313 295 4,955 228 2, 024 11, 422 
is eee et ede a 3, 678 371 412 5, 159 191 2,519 12, 330 
L902 ets ee 3, 379 382 677 4, 297 235 2, 569 11, 539 
VO GS fy eco eee 3, 690 343 1, 945 4, 360 190 3, 124 15h Oa2 
ee elt Se eet acl 4, 355 346 2, 969 4, 720 68 3,101 15, 559 
CE SC Ren i retainer: 4, 990 375 3, 200 5, 100 59 3, 225 16, 949 
LOGO eee 5, 222 419 2,755 4, 635 59 3, 670 16, 760 
ee ee ee eee 

ee ee ear rene re ace MT SS ee 354, 650 


Source: U.S. Bureau of Mines—Minerals Yearbook—1966. 
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TABLE 27 


Coal Consumption, Eleven Western States, 1956-1966 


[Thousands of short tons] 


i New Wash- 

Year Arizona California Colorado Montana! Mexico Nevada Utah ing‘on? Wyoming 
RR ak vs chs de ew ® Ibe CBRE nal akiis con’ Oo Onc nS Me Reni see Troy ee a ee 
1957 aS) 1, 820 Se DOE ee aa BARI aes aa eeepc st Haar 3,748 1, See 607 
1958 132 1, 285 C5) SOP we shereetiiu OS rere e rene 3, 003 958 510 
ISS er 109 1, 497 Deegel ko§ Ulmer wee pans VM ise eel eae nee 2, 508 897 894 
1960 143 VL. les: 2, 887 O52 PR Seek oot ST 953, 1, 006 
1961 133 2, 170 B, uae 1, 045 Rake}. lene Sarat aon 3, 046 992 1, 328 
a e244 1, 426 3, 340 1, 108 107 244 2,417 964 1, 438 
ti) 261 1, 690 3 Yio 1, 066 il, Wey 261 2, 334 828 O77 
Skis 6 289 200kS 3, 877 1, 190 2; 169 289 2, 706 774 1, 936 
DOOM ge ass 6s 361 2, 378 4, 500 1, 075 27009 361 2, 868 798 2, 196 
1966 369 1, 888 4, 705 995 2, 084 369 2, 974 687 2, 601 


1 Tdaho included with Montana. 
2 Oregon included with Washington. 


§ Arizona and Nevada approximately equal. Principally coal-fired electric generation plants. 
Source: U.S. Bureau of Mines—Minerals Yearbook—1966. 


TABLE 28 


Estimated Recoverable Coal Reserves, by Type, West Region, January 1, 1967,1 50% Recovery 


Assumed 


{Millions of short tons] 


Econom- 
Sub- Anthracite ically 
State Bituminous bituminous _ Lignite and semi- Total recoverable 
anthracite from large 
deposits 
ENE TRL 0 RO oe er 365 30 sett OEMS Md ed ee ae 1, 205 2 300 
oe SSE a 5 19 DS Btn Rat so Mee rane ot! 
(SONOS TE 5 ee 313495 DD Oe 1 cche eke otc es 39 40, 359 416,750 
MMe ace Os hs a sie 4 «Gn hs 299 ) Oy Beene ee DOS Te a intn cae SESE: 
JUD ONS og ae ee L145 65, 938 ADOT OD et saison fees 110, 845 711,900 
eS en Rg et ar Bi aye cre st <P RN ona EMS, MEE ha 6 wa Gln Wns 5.9, 9: SU a iw Gen wig ao ape 
Pe ONICO Vere 25, ECVE sine sles Wage 4 0s 5, 380 DOM Ura | ccna ae Ate 2 30, 739 44,820 
O}RSIOIN 5 clacotoretcoontis in oe eee oie ne 24 Data ROTOR BRC cn Mt Ne NYG GOW Secs aa eee 
CN) 8 ee ee ee 16, 050 1 Naga Ge ae: REN oe 16,125. 46,09) 
VEO SG) el a ee 934 2, 097 58 2 3, 091 2 506 
\INISTOXEBNUSYSS , SAS ea Or OER aE RETRO eC ee 6, 349 54, 005 ye: apart a 60, 354 SOS 57/2/ 
ioral—l1l Western States... 4. 61, 746 157, 598 43, 843 43 263,230 50, 564 
Total—other States............ 273, 781 56, 507 179, 780 6, 441 516,710 +4 128, 294 
Woatal—United States. . ..s5.8.. S3De O2T 214, 105 223, 623 6, 484 779, 940 178, 858 
Source except as noted: 
1 Paul Averitt, U.S. Geological Survey—Open File Report, 1968. 
2 Exhibit 89, Area Rate Case AR 61-1, Federal Power Commission Dec. 1961—Table 1 by Clayton G. Ball. 


3 Bulletin 1136 Coal Reserves of the United States—A progress Report, January 1, 1960. 


* Based in part on unpublished information. 
5 Small; included with bituminous. 
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TABLE 29 
Area Underlain by Coal, Selected States, 1960 


Square miles Percent 
eee 

State Total Area by coal 

area underlain by 
coal 

APIZONA ic, 2)5:. is lineal woe ches cals eae ee 1135909 3, 040 yak 
Californias. < As Bhi..o eons << «aiken a Gt ene ee eee 158, 693 230 0. 1 
Coloradoinss aiatise ns 6<Sike Mo an eee are eee oe ee 104, 247 29, 600 28. 4 
Tdalioi 5 nase By hoc sass eer tats nuclear aceon eee ee 83, 557 500 0. 6 
Montana iin Sok fou, cee: eps Se ee eee 147, 138 51, 300 35. 0 

Neévadaiiin.0 Ge eth oo Re ee ee ee ee 110, 540 50 0. 05 

New Mexico: 2089.74 ais. cfits Bia odie Re oh oan ea oe 121, 666 14, 650 12.0 
O(c ne, 8 Se ME Ne WM) Ae Ve yo) Se 96, 981 600 0. 6 
Me eats nese se dale AOR aes SA ke i ce Re 84, 916 15, 000 Lit 
Washington: V3 cate cn Be yoo. a ae ee 68, 192 1, 150 17, 
Wy Onin go ee aia /ceess Os Wernher tae OUR eae ee 97, 914 40, 055 40. 9 
Totals Vi States jas dase. conse mee CeeT a net ae rere L1875753 156, 175 12.8 
$9 other. States: <25 eles cpg iniests cea doe ere ee 1;,988, 195 3245175 16. 3 
US total ockirasatc css sat ee Gn eee ace tne eee 3, 175, 948 480, 350 13.0 


Source: U.S. Geological Survey, Coal Reserves of the United States—A Progress Report, January 1, 1960. Bulletin 1136, p. 27. 


TABLE 30 
Coal Production Per Man-Day, Selected States, 1946-1966 


[Short tons per man-day] 


Year Arizona Colorado Montana New Mexico Utah Washington Wyoming U.S.average 
LOAG ceicicer. 229 5. 18 14. 70 4,14 3. 58 9. 47 3. 00 3. 44 
Neo abcn sc 2. 48 5p il 15. 28 5. 38 7. 00 3. 68 7392 6. 42 
1948.. 23 D023 1los93 4.95 oy 2 4518 1.83 6. 26 
WE). Pp, Pa) OnA0 eee 16. 59 4. 94 Gxow Sh ta oe 6. 43 
1950. er, SKS 5. 48 7, 7) Sh oY 7230 3. 96 8. 69 Gai? 
LOoNe 2. 28 5. 49 16. 61 5. 30 7. 41 4.25 2) 7. 04 
19525 2. 34 6. 06 18. 09 4% Os) 155 4, 30 LOR2Z7, 7. 47 
1953 erie Zat2 6734 PA, Th 5. 30 7. 48 £159 10. 21 8.17 
Saye. 3. 28 7.05 1 23. 16 AN25 Ooms 4. 88 13226 9. 47 
19508 2.78 6332 18. 54 4, 28 STAD 5. 24 15. 34 9: 84 
HOBGs Sano we Yh fe 6229 Neos U3 3 OY LORS 5. 19 Sy 27 10. 28 
19572 Dao O74 9839 3. 34 10. 27 By We 16. 55 10. 59 
1958. Yh Hil 7. 42 9. 02 KS, 10. 17 Sh Oe 19. 61 Liss 
(NS }5}S) 2. 68 8. 71 10. 62 3. 43 10. 18 3. 85 22. 83 12222 
1960. 2. 02 ON 34: 13. O1 Uo Pt) 10. 71 6. 46 23898 12. 83 
Welk vee gornee N.A 10. 82 16. 04 SG) WY) 11. 63 5. 62 31. 05 13. 87 
L962: N.A 10. 89 21. 26 16. 62 12.47 5. 40: 30. 79 14072 
LOG Sie N.A 16 26. 70 32. 50 14. 76 22 Oe Ae lil 15. 83 
We 29% oe N.A 13. 29 26. 04 aoe, 118) 13498 O05 45. 50 16. 84 
19 GSR ree N.A 14. 32 2433 49513 15. 74 6. 93 44. 69 17.50 
1966... N.A 15. 68 23057) 43. 46 ly, Gis) hy 2 ASEAOY/ 1815 


1 Bituminous only. 
Source: U.S. Bureau of Mines, Minerals Yearbook, 1946-66, and Chapter preprints therefrom. 
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TABLE 31 
Nuclear Electric Capacity and Generation, 1960-1990, West Region 


Nuclear reactor capacity, megawatts Mega- Annual '!Capacity; Annual 
- watt fueluse factor, genera- 
Thermal basis, mwt Electric basis days eguiva-___ electric tion, 
thermal lent basis, million 
Increase Cumu- Increase Cumu- basis, Btuinput, percent kwh 
lative lative thousand _ trillion 
mwdt 
Year Recorded: 
1S 2a 2) a ea 20 20 5 5 (2) (2) (2) (2) 
LDS eee eae 145 165 45 50 oF 3 61 270 
Projected: 
120) 6 CO ae a 2, 735 3, 980 1-220 1,270 1, 062 82 e735: 8, 081 
PAG os cht. SBR E ge iAE. « 26, 200 30, 180 8, 490 9, 760 8, 042 591 73 62, 652 
Ue 66, 335 SOF5 FO ar 215 275 31,032. 26,770 1, 966 76 207, 695 
10'S) ee a A TOL 520) 197,835 * 31,175 62,207 54, 880 3, 987 76 414, 150 
Fee Re ie.c, sees nes 146,070 343,905 44,945 107,152 91, 640 6, 690 a3 685, 200 


1 Derived from estimate of installed nuclear capacity and annual generation. 
2 Negligible. 
3 Includes Hanford at 66% capacity factor. 

TABLE 32 


Fuel Requirements for Nuclear Electric Generation, 1960-1990, West Region 


{Short tons, including start-up inventory] 


With U-235 With Pu With U-233 Cumulative ThO, used 
Without recycle recycle recycle and Total Total U;0,, with U-233 
recycle at some at some ThO, at U,O; 1968 on recycle 
plants plants some plants 
Year Recorded: 
oe ee (Ce Anh Oodle ai a ee ee GRE Pica ivinu yn ose o e eaiee 
Ne ee DA eaten Seer ONS cia etnias ME RP fern ee en te eS Seen. 
Eh See ea Oe Lite ters Ae Rs Sit LAA TARE LU): Oey orcanener arene Exe eee 
yp rae aaa SAS (5 lo RLS Ea SN eh DOO BW NT OTT RA eee 
Projected: 

BPO emis 0 hip yok 4 «+ Zi sleet totic sarpctac ae EE ee a > 20 COP Sin tonne 
OS a ESO MMe te ON AA 2 SE tan Ome BOATERS 148 NGOS inte. ears eee 
Dee 2 ae 1, 088 BO sf a ne Me enh eee Oe 5 1, 027 OS ee: Sa 
OS Sena 872 O2OM Es toe oe ah en cero he 825 2, 020 20 
Bey ret ties Yat faa’ < sn 1, 043 BODE 2 Lge RU ea SU s 996 SOLO e Ole Sac eer oat 
Baar a ee fe ka. 1, 742 | gel ose Aires raha cc PR oS 1, 742 4, 758 3 
PAPAS oes 2, 040 MOM Fyne 9 Eire seuss Foisae IM DIE 2, 000 6, 758 3 
Meri. = ORAS 5 ds 3, 963 3, 625 550 Ore tetenc eee 3, 590 10, 348 3 
SSA en ae 5, 250 4, 640 EOS) ai a eahiet a. Oe 4, 031 14, 379 3 
es fe 5, 800 5, 568 ARIOOS. ORs, 4, 790 19, 169 3 
A ee 6, 257 6, 010 Di OO leben ated fee 5, 169 24, 338 3 
LSS a ee ee 7, 785 7, 473 6, 427 6, 420 6, 420 30, 758 S 
OBO ees Peete os ey OS) 9, 518 8, 185 8, 175 8, 175 38, 933 3 
OS OSD reat 67, 580 64, 945 Sy, SPV 55, 880 55, 880 94, 813 65 
rte eo on ee 105, 225 101, 414 87, 950 S77950 87, 700 87, 700 100 


1 Negligible. 
Note.—Table assumes general use of light water reactors. If high temperature gas reactors or other designs should 
come into wide-spread use, fuel requirements would be substantially changed in the latter portion of the forecast period. 
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TABLE 33 


Uranium Reserves, West Region, January 1, 1968, Distributed by States 


Tons of Percent Tons Percent of 

ore U3;03 U30¢% total 

Arizona ccc. DETR ee ge ns ee 210, 000 0. 21 430 0. 3 

Colorado seis cesilen yee Tie RL eee eee 3, 560, 000 0. 26 9, 390 633 

New Mexico snidn eiee fom termine peo nis aes Ae en oe aes 28, 620, 000 0. 24 69, 800 47.2 

North and SoutheDakotaere nee renee 430, 000 0. 30 1, 280 0.9 

WIA 2h 0% 8 ee Re oe ect ee ee oie ao tee 3, 210, 000 @); 32 10, 300 6.9 

Wryoming? 5006 ores ech 40k Sue eA eee eee ee 26, 380, 000 0. 20 53, 000 35. 8 
Others: California, Oregon, Washington, Nevada, Idaho, 

Montana; Dexas,;Alaskawa.aa ae) eee 1, 590, 000 0. 23 3, 800 2.6 

PPO talite: 48s sondes ar ee ee RE OE ce: 64, 000, 000 148, 000 100. 0 


Source: U.S. Atomic Energy Commission, Division of Raw Materials, Washington, D.C. 1968. 


TABLE 34 


Uranium—Estimated Uranium Resources of the 
United States (Short Tons U;0,), January 1, 


1968 


Reasonably Estimated 


Price range ($/Ib. U;O,) assured additional 
reserves resources 
10 or less: 
Conventional deposits !... . 190, 000 325, 000 
Phosphate byproduct...... 905000 Reese 
Copper leach byproduct. . . 30, 000 25, 000 
iV otaln inne sae ee 2 310, 000 350, 000 
10 to 15: 
Conventional deposits !... . 100, 000 200, 000 
Phosphate byproduct...... 50; OOO. | = seem. tes. 
Totalaty.oo s\n ee 150, 000 200, 000 
Subtotal 15 or less. ..... 460, 000 550, 000 
PoRtors OF 
Conventional deposits !.... 100, 000 140, 000 
Phosphate leached zone.... 3 100, 000 4 300, 000 
i Otal yf hee hee 200, 000 440, 000 
Total 0vorilessn..5 eee 660, 000 990, 000 


' Primarily tabular impregnations in sedimentary rocks; 
information on deposits in the higher price ranges is limited, 
and the estimates should be considered preliminary and 


partial. 


? Availability through 1980 estimated at 210,000 tons 


because of limited byproduct capability. 


3 Byproduct. 
* Primary production. 


Source: U.S. Atomic Energy Commission Division of 


Raw Materials, Washington, D.C. 1968. 
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TABLE 35 
Estimated Fuel Reserves—West Region 


Percent of— 


Trillion 
Fuel - Date Amount Btu ! Conven- Source 
tional All fuels 
fuels 
EC AS eo sia Sane saint xe ergs 1966 30,464 billion cu. ft.... 32, 700 0. 4 0.3 Table 17. 
Crude petroleum and natural gas 1966 8,510 million barrels. . . 49, 400 oa) 20) baple 25, 
liquids. 
Shale oil (25 gal./ton or more yield).. 1965 665 billion barrels... .. 3, 857, 000 41.9 Ale Se een(2): 
(Croil.. . 6 Sy SSS Sean 1968 263,230 million tons.... 5, 264, 600 Si), % 56.3 Table 28. 
Subtotal —_ Conventional «uelsapwncscie ees cies ole Je hint sa ha ee ee 9, 203, 700 100. 0 98. 4 
Neirena tenia s (U3 Og) rece ssc ence revere eevee 196 Saeel 43.000 stonsmeie ee SOR DUG mae ear ae 1.0 Table 33. 
PE ce oc is 5) x gra eos aphise, © NS NCOWOOD, - cbusucnccuse Gila OO Meee tne ae 6 Table 42. 
MWotal-—allefielssepappe ea eye h outs cree s. 2 cet e ict ees tue Boe anor O83 53000 ater 100. 0 
NotEe.—Possible additional energy with improved technology: 
Fuel Trillion Btu 
UPPENETUTTTOS 5 Soe Pee LEB wae a ee a oS oe 8, 750,000 ~=1.6 times the conventional fuel 
PREIS d ar a ast eens oleate eva ewes os te sepehOe ope Hicerens aan oes 6, 100, 000 energy supply. 
SESE AA OO etc nasa ins sof Geeta Pots el nie 6. ae ieyey dh -Ge M. op 14, 850, 000 


1 Conversion factor, Table 45. 

2 U.S. Bureau of Mines—Mineral Facts and Problems—1965. 

3 Assuming 1 % fuel burnup in mixture of fissile and fertile Isotopes. It is expected that percent of burnup will increase 
as new reactors go on stream. Breeder reactors, however, are not likely to have any significant impact on fuel use within the 
forecast period. 


TABLE 36 
Natural Gas, Estimated Average Price at Well, 1946—65 


{Cents per mcf] 


Northwest Rocky Mountain United 
Year California —-———_-- —s States 
Montana Wyoming Arizona Colorado New Mexico Utah 
NOAG Fee cs, « 7. 4 4.6 3 Ogee ate eat: 4.7 1.4 5.0 o23 
1947.. 10. 2 4.6 5 AO Dee Or Se on 7.9 1.8 5.4 6. 0 
OAS ee crc. 3 4.6 LAS) sy ihe Be ae AN 6. 0 22,7) 6.0 6.5 
Key eee 38 5.6 Syl Sie gaia ee ce Cee 5s 4 2.9 6. 0 Gas 
ODO Peres 2. 11.9 Jao ORO ee 3.9 3.0 6. 0 Gao 
ist bee 14. 6 aD LEMS, OP ren ite ae 4.3 3.8 6. 6 Ue: 
Key eee 1657 6. 1 TIERED NG NAAR ie! in es ee By, 1 4.6 TD the 
ICk aa a NS) 2.9 TRO em SO esses 5.8 6. 1 11.4 9. 2 
1954... 20. 6 6. 8 Ce A cid i AP ai tre 8.7 7.8 14. 1 10. 1 
NODS Bees a2 Bapd Pe 6. 1 Oa haa ar We 9. 4 8.6 13.9 10. 4 
MODG Se: 3c. 225) 6.8 8.6 14.0 9. 8 8.8 14. 1 10. 8 
MOD Tee tv < 23 e/ Us Ost) Mere el tant tie 10. 0 9.4 14. 7 ik, & 
MO 5B arse s.5%s 2503 6.8 CEA Sabha s nya 1085 10. 4 14. 7 11.8 
M5 absien. « 24.6 725: tJ hs Wp Seen ety ae 11.0 10. 0 14. 2 1229 
DOGO cc 2057) Th} WO Wen, ae pnsee 11.9 NO). 7 18.0 14.0 
ROG Ss 2853 7.4 25 Sie Sere ae eek 11.6 10.9 ey 7 15. 1 
9G 2 oe os 29. 0 7.4 14.6 11.9 URE LSS 16.8 1585 
MOOS Saeco cs 2953 TD 14. 2 12, 1 il % 11.9 Nae 1523 
| BOGS ss:5) 30. 1 7.8 12.9 1200) 11.9 Wile 7 133.0 15. 4 
| BOGD c traces 30. 9 8.2 RES Wea 129 11.8 1225 15. 6 


Source: U.S. Bureau of Mines, Minerals Yearbook, annual; and preprints therefrom. 
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TABLE 36-A 
Average Value of Natural Gas at Wellheads, by States and Regions, 1955-65 


(Cents per mcf] 


Region and State 1955 1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 
MiddlezAtlanticaey. eee ens ee ee 29.9 32.1 31.0 28.4 29.2 31.8 29,4 27.2 96. | \o72geeeeeo 
NewYork “a5 eee orks ee 29.5 28:3 28:4 3056) 3055 3059 2955) 285 12955 scOncmecuae 
Pennsylvania's «ciel areitie sas abn, calico eet 29.9 32.2 31.1 28.3 29.2 31:8 29.4 27,2 (26,0) 27= eee 
EaseiNorth; Gentraleyey ee eee 19:0 19:8 2121 19522152) 215 0 2158) 22545594503 eee ome 
DNinoisee. eae eee ae 14.2 15:1 15.5 1458 1309, 1255 1208" 1423991259 seee ee 
Indiana ei) e ere ee Oe 12.4 12.1 13.1 15.6 19.0 18:8 :20.1 21.1 93/4533 eeee oe 
Michigan's .5...sert cic thant ce earn WS 13.3 “1858 1856) 235052154 210 1) DInSee2 7 alee See e 
ORIG Sees ene ee 22.5 24.0 23.7 21/4 23.2 23.5 24.9. 25:6. 24,25 237mm ee 
WiestNontheGentralerrseraee are ener ae 12.0 11.5 11.5 114 1270 11.8 12.6 12.6 1356°012egmeeee 
Kansas nace athe ee ee ee 1l-1 11.3 14 14 12:0 T7125) 1254" 1353e 1 2eoeeioes 
MUSSOUTIT a5 ne Cue eee ee 202092 169 / lO yee ene 29:0) 2457 2550) 275024 ae ae 
Nebraskast cer cc aera en ee 20.4 21.0 16.0 15.0 15.9 -17.5° 16.7 18,2 18.65i5e meee 
North Dakotakasaiose eee 7.70 «8195S 97D 11 A 126 1137 (19 
South, Atlan tics 2 ee ee eee 23.8 23.8 23.9 24.9 26.0 26.2 27.4 ° 27.5 26.6" 25 Omeesee 
Pilorid aces As svar ae eee en eee ee 10505 853) 13:0 1356 1423) 1622591859) 92097. 20NO mn GeouCaS 
Maryland: $35 70a Cee 20.1 25.3 26.2 26.9 27.0 .26.6 27.2 27.0; 26.9 2655 oe 
Virginia aan ecco one eee 26:8) 27.7 26.8 27,0 26.27 27.1" 2721) Qin lS 74 Oso OES 

We SVirgiai a sis aie oatcrey-Weatei cece eee 23.5 23.7 23.8 24.8 26.0 26.2 27.4 27.5 26.6.9 95s0meeaee 
BastrSouthe Gentral See en nee 14.0 13.6 14527 175) 1850) 2055020549205 7 1On enn 
Alabamalitc.cnea Cae shane ee eee 6.8 72:9 6.4 9°20 97 “7.3 (754.929) Se LIS Sielleoleeelomen 
Kentuckyac arene cic oenee Cen 23.7 23,1 23.8 24.1 23:7 244 24.8 2948) 03,093 rGueezee 
Mississippi Si) 25 2h 2 ered oe eee ee 976° 958) 1053 13:9 1555) 1858" 18565519) 018s 0 meals 
Renneéssee2 Feet ee eee ee eee 12.8 12.9 15.8 16.7 16.7 17.5 18:3 18,5) 18-59 1Gs0menoen 
Wiestssouthn Centra lapis tr te ee ene 8.7 9.3 10.0 10.9 12.0 13.1 14.3 14.8 15:) Si4a7eaaeG 
Arkansas sctas otretck yo on ee eee 9.6 630) ~ 722,45 851 857 119) 1355) 142 9) 15a Sel ee ONG 
Louisiana. seers hie oe ee ee 11.3 11.4 11.2 12.9 15.4 17.1 18.7 19.7 19°69) 51GnGmeteee 
Oklahoma Hyon tc ca Oe 7.4 °° 850° 823°) 10. P1050 17.9127" 12.8" 137070 2aeeeeee 
TEXAS Faeyr eee 8.0 87 927 10.0 10.8 11.3 12:3 12.3 12°53 Sea 
Mountaintgrens asec ee eee Cee 8.9 9.3 9.4 10.1°° 9.9 11.2 11.4 12°3> 12°56 Sieomeies 
AYIZONA” sae Gish ey nr eee Nee aoe Ee 14 Oi 2X a cylin tite Stern re ee ee 119) 121 St 2sO mae 
Colorado 74.4 Ree aa ee ee 9.4, 9.8 10:0, 10.5 11.0..11.9 11.6, 11.6 It 7 3 iieomeee 
Moni tain ascocicceeonsaocier nearer Ee 6.1 6.8 7.2 6:8 755, 7.1 7.45 724 5735 eee 
INews Mexico x.senen.cs re ee 8.6 8.8 9.4 10.4 10.0 10.7 10.9 11,5 1109 Sie 

TW ta aye toy: ecgcace tis nce a ere 13.9 14.1 1457 14.77 14.2) 1850) 15.7 16. Sie Seon eo 
Wyoming i... uee eee rect ice tea eo ee 8.5 8.6 87 8.4 81 12.0 12.5 14.6 (14.0592 5Gmee 
PACiHG ay, 5 eee Re ee ee 22.2 22.5 23.7 23.3 24.6 26.7 28.3 29,0 (20°53 So9onGmaae 
Plaslea fen ize Siete nas Giese dsb SA nde en ae Ree 12.0 12.2 20.4 21.4 24.7 27.4 24.8 
California 55 qetitins scien ss ee ae 22.2 22.5 23:7 23.3 .24.6 26.7 28.3 29.0 29)35)c05imeeaee 
‘United’ S tates ernie ee ee ene ee 10:4 108 W153 P1258 1259 1400) W551 15550 bs Seloe4 oma 


Source: U.S. Bureau of Mines, Mineral Yearbook, Annual; preprints therefrom. 
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TABLE 37 


Natural Gas, Average Price for Industrial Use (Including Electric Generation), at Point of Use, 
1946—66 


[Cents per mef] 


Northwest Rocky Mountain 
Year California United 
Idaho Montana Oregon Wash- Wyo- Arizona Colo- Nevada New Utah States 
ington ming rado Mexico 
OSG met Se hn 16 Be ipe TS fee Se AS Nigeme ee ee et ees 12.0 20. 5 iB Ay ie S55 a 12.3 116.2 10.7 
NGS ene ee SO) Panes: TSN. 2 13 OR gee oe oe Se. es eR, hee 23. 5 20. 7 14ND pees ak 5.0 115.5 11.3 
HOSS peer ee fe ana 5 QI gece. ess 1S Ope Se: Se ee es ee eee 9.6 21.8 USHOR Vaacene ee 6.0 116.2 12.5 
IS). 52 5 rl iE he Fase Se ae 1 A Regie epee a Be ee 8.9 20. 5 ES Ou Matec. 5.6 120.7 12.9 
ODO memes en eb = ox STORE seers ee ee 1 a2 Papa ee oe es 8.8 20. 3 1436 7 eee 6.4 120.7 13. 4 
itil... DES }) oe 0 SR Ee LO RO ee ee ee ene ee 214.9 Dl & 14°29 2 ee 6.5 (2) 14.6 
OD 2m ee ade ec ERC te 0 ees ae Os DE ero ene 10. 6 22.8 154 22 See 8 6. 6 26.1 16. 2 
(OLS) . 3 38.10%) Bae es LO: 4 Se Se ce ae 11.8 25. 9 LG Hae oes ee 8.0 26. 9 18. 2 
LOR 2 4. ad bis 4 OMe eB a 20 Us es ee. Shee SR oe ee ee 1159 25. 5 18.25 oes eos. 9.8 26. 9 19.2 
TOS Heme kn 2650 teen ee 2032 tee Reece eee Se 11.8 PA fan 20. 5 (4) 11.1 27.15 19.6 
1D, .. <5 SS 28. 4 382.5 20. 6 3 82.5 79.7 13.6 424.0 21.0 (4) 1252 26. 9 yd as) 
OR. 5.6 30. 1 33. 3 20.8 2 33.9 37. 2 12.9 26. 1 21.3 38. 0 1g 27.0 22.5 
NODS meee ees ee eS 33. 8 37.7 21.8 39.0 38. 5 12.8 27.0 18.8 59. 9 11.8 Ziad 23. 6 
IR )SOL. (5 ee eS 34. 9 36. 6 22. 6 39. 2 42.5 13. 2 28. 4 22.3 60. 0 11.4 27.0 25.1 
AOGOBeeetees Fee oo se 36. 8 38. 2 23. 4 39. 4 39. 8 14.4 30. 4 21.6 61. 0 13.9 Tes Aral 
TOOL. | 55.2 rr 38. 0 38. 7 2200 39.9 38. 9 15.0 31.7 224, 62.0 13.5 27.5 26.9 
ROG cee oo 39.3 39.3 21.8 40.8 39.3 13.7 35. 4 22. 6 62. 0 14.0 27.6 28. 0 
IGS). er 38. 3 39.9 22. 5 40.3 40.1 13.1 39. 8 22.0 62. 5 16.8 26. 5 28.1 
NOGA Mme me Oe 37. 5 40. 2 26. 7 40. 4 36. 5 15.3 31.9 23. 2 44.5 17.0 25. 6 28. 8 
OGOMEEI AS Be Sh 45.3 34. 2 27.4 40. 2 39.0 16.7 32. 5 24.9 45.7 16.3 26.7 29.6 
ROGO EE ee ns 34.9 37.8 27.1 41.9 37.3 18. 2 33. 7 23. 6 44,3 19.7 27. 5 30. 1 


1 Includes also Wisconsin except in 1950; N.D., S.D. 

2 Utah included with Wyoming. 

3 Oregon included with Idaho. 

4 Nevada included with Arizona. 

5 Preliminary. 

Source: U.S. Bur. of Mines, Minerals Yearbook, annual; preprints therefrom; Mineral Industry Survey, Natural Gas, 1966. 
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TABLE 38 
Natural Gas Cost for Electric Utility Generation, Selected States, 1950-1966 


[Cents per mcf] 


Pacific Coast Rocky 
Year Arizona California Montana Nevada Oregon Utah Wyoming Colorado New Mexico region! Mountain United States 


subregion 2 


O50 52222 a= N.A. N.A. INA Roeser see ee ee sees N.A. INGA | enone ees N.A. 21.3 15.2 11.8 
NOD lees aoe 18.3 22.6 SOO A cee Se es Oe ese eae ae ener Pies 21.8 11.8 19. 5 22.6 15.9 13.6 
NQ52 See ae 19.2 25.1 OES Sg a Ty oe ty 3 Be el 23.9 12.1 19.8 25. 1 16. 0 14.7 
LOSS see ee 24.1 26. 2 DOSS Soest Se ee ee ee 20. 6 17.2 13. 2 20.1 26. 2 17.8 16.7 
AQ eee Na 24.2 26. 3 31. OR nak 2 ee ee ee ee 20. 4 20. 8 16. 1 19.9 26. 3 19. 7 18.3 
1955s 27.0 27.6 31.5 41.5 27.6 20. 7 19.1 17.0 19. 4 27.6 20. 9 18.8 
19502 ss a= 27.1 28. 2 24.9 Hol ee acne Se Ae 20. 9 20. 2 16. 8 20. 6 28. 2 22. 1 18.9 
Cy eee ee 27.4 29, 4 7.5 35. 0 37.0 22.0 18. 2 16.7 22.0 29.4 22.1 20.1 
1058 Sena a N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 34. 4 23. 2 21.9 
1O50 =e ease 31.1 34.9 20. 0 40. 3 38. 1 23.0 19.9 18.8 23.8 34,9 25.9 23.6 
1960 See == 34. 0 35.9 34. 0 41.6 38. 0 24.5 17.5 19. 4 24.7 35.9 27.9 25. 2 
JG) ee 35. 7 37.8 23. 6 43.1 38. 5 24. 4 18.0 18.7 24.9 37.8 29.0 27.0 
NOG 2G eee 35.6 37.8 34. 0 43.0 38. 6 24. 8 17.9 19.3 25. 4 37.8 29.7 27.2 
196325 33. 7 36. 0 34, 0 41.7 38. 5 24.7 8.6 18.9 24. 6 36. 0 28. 2 26. 1 
1964 =ees- oe 32. 4 34. 6 34.0 40.1 47.2 GAOT gee ee 19.0 24. 5 34.6 27.3 26, 1 
1966 ese. -os = 32.3 34, 1 34. 0 40. 8 38. 5 24.50" Gt sce ee ton 24, 2 34.1 27.0 25.7 
19 C6 eee 32.3 34. 0 34. 0 40. 0 38. 5 Pee tee a eee 19. 2 23.3 34. 0 26. 7 25.8 


California, Oregon (none reported for Washington). 
2 Arizona, Colorado, Montana, Nevada, New Mexico, Utah, Wyoming (none reported for Idaho). 
N.A. Not available. 
Source: Edison Electric Institute, Statistical Yearbook of the Electric Utility Industry, 1960-1966. 


TABLE 39 
Residual Fuel Oil, Average Prices, Selected Locations, United States, 1946-1966 


[Dollars per barrel, Bunker C or equivalent] 


: Unweighted 
Richmond, Los Angeles, New All gulf Oklahoma New York average 
Year Calif. San Pedro Orleans ports No. 6 at Harbor Los Angeles, 
refineries Gulf, 


New York 


USS) 2 re ra 127 
OL a es 1. 60 
USES re 2. 16 
a See ee 1. 67 
lo Dh SNe 1543 
PRA E oyiores iisias ow ate do 75 
eS Oe Lad 
Pe aN Aoi nel we Seas 1, 84 
Ot A rs 1.85 
NSS) 5 2 a 1. 88 
2S ean JAW) 
oie 2. 83 
BO ei sicr. Soa cake 2.47 
SS 210) 
Le re Pas WE 
0 ic Se My ais) 
Oe ie 2. 34 
BM ee Bars arb 26. 5 0.6 Som: Ss 2d 
Bahk 6 5s 8s 2 Ds Fe 2.25 
SOS ae 225 
5.0) D0 a oe en 2425 


IO EINE NUNS NUN EN IN ENN SS 


22 
55 
1] 
64 
4] 
78 
70 
79 
80 
83 
18 
83 


nAaS 


10 
13 
20 
29 
24 
20 
20 


. 20 


From Platts Oil Price Handbook, Annual. 


a2 
76 
51 
57 
78 
85 
Ts) 
80 
95 
1] 
23 
72 
31 
10 
19 
30 
30 
19 
19 
19 
19 


Be SPOS ND RSE NS) aS Tot et I) 


DE aN IIS) I RNA SI 2 te gt To te leita) INS) 


25 
04 
87 
56 
75 
83 
76 
82 
93 
04 
19 
85 
25 
05 
20 
31 
15 
18 
10 
10 
10 


16 
Ol 
44 
08 
64 


. 80 
20 
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45 
74 
1 
40 
73 


OU 
. 89 
. 88 
. 90 


90 
96 


. 08 
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NNNNNNNNNONNNNNNNE ONS 


76 
29 
00 
90 
09 
32 
31 
15 
24 
48 
76 
12 
60 
38 
AD 
BY 
47 
30 


5 BO) 


58 


a29 


DoT Mba Gd he pier aN eNO PNM Sluis eg [eae ee oa tere aN) Le lee 


4] 
96 
66 
70 
75 
98 
22 
92 
99 
13 
38 
93 
43 
18 
26 
Oa: 
30 
24 
20 
29 


5 ks! 
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TABLE 40 
Residual Fuel Oil Costs for Electric Utility Generation, Selected States, 1950—1966 


{Dollars per barrel] 


New Pacific Rocky United 
Year Arizona ! California Nevada ! Montana Oregon Utah Colorado Wyoming Mexico Washington coast Mountain States 
region 2 subregion 3 
195) Eee ee N.A N.A. N.A N.A N.A. N.A N.A N.A. N.A N.A 1. 35 2. 63 2. 00 
LOS oes see = 22S 8 4. 46 1. 69 6. 24 1, 82 2.18 2. 08 2. 33 4. 02 2.20 1. 67 1. 69 2. 35 2.11 
195i See eae ein RO 3. 88 1.76 6. 34 1, 24 2. 07 1.70 2. 30 4.23 2.73 2. 06 1. 82 1. 68 2.14 
CES eee ee Seana ae 4.24 1. 82 6. 59 1. 00 2. 28 1. 64 2. 35 4. 37 4.11 2. 07 1. 83 1. 56 2.05 
= dO 54e ooo as Ss 4. 26 1. 80 7.03 1. 37 2. 46 1.51 2. 04 4. 56 2.70 2. 12 1.80 1. 63 2.11 
ie 1G DOS eee eae eee aoe 4. 35 1. 78 4. 29 4,27 Jone | 1. 57 2. 06 3. 78 2. 47 2. 09 1. 78 1. 69 2. 12 
(Se) W956 yes saa. cee sectes 3. 96 2.17 S00 ei betes aan 8s 2. 53 1. 67 2208 5 aes tease sse8 3008) Geen se ae ass 2.17 1. 82 2. 42 
te 1 ae All 2. 59 4. 69 tery 3. 12 1. 65 2.43 3. 93 2. 42 3.27 2. 60 1.72 2. 79 
— ODS ie aerate eee My 8 N.A N.A N.A N.A N.A. N.A N.A N.A N.A N.A 2. 54 1. 61 2.47 
te WO5O Sse en Ste ce 4.70 2.14 8. 13 7.01 2. 69 1.51 2. 38 3. 14 2. 58 3. 33 2.14 1. 54 2. 22 
NS6Qo 852s nse na= ones 2. 54 2. 07 5. 02 7.07 2. 92 1. 56 2. 50 4. 31 2: 165” Ge ssa e2 eee 2.07 1. 63 2.17 
VOOM se eee eS 3. 41 2.11 4. 35 7.14 2.97 1. 60 2. 28 4. 00 2:28: Qidecosesaca sss 2. 11 1, 69 2. 23 
NOG Zoe ease se 2. 64 a5 UY ASA Seg Sse 2. 53 1.51 2. 42 4.14 Deh) OP Se a2 ae soe 2.17 1. 63 2. 18 
1909.2 22S sas Ssa sa 2. 30 2.10 ASLOD 9 Pa eae 2. 47 1. 60 2. 87 3. 72 62a ee ee eee 2. 10 1.77 2. 12 
Tt. ee ee 2. 38 1. 98 Ap20  peRePES. oats eee oe ee 1. 60 2. 38 3. 72 VOL rH eeossessecesss 1. 98 1. 74 2. 08 
1 oo) eee See es 3. 64 2.11 Silo) “weeteeee eee 2. 52 1. 61 2.77 3. 49 Li b4 pees oat ae 2.11 1.73 2.10 
2.07 1.7 2. 08 


1O6G2 We es nee 3. 67 2. 07 45 1Qe = (ssh esses 2. 45 1. 61 2. 95 4.12 1. 62 2. 36 


1 Includes nonresidual oil. 

2 California, Oregon, Washington. 

3 Arizona, Colorado, Montana, Nevada, New Mexico, Utah, Wyoming (none reported for Idaho). 
N.A. Not available. 


Source: Edison Electric Institute, Statistical Yearbook of the Electric Utility Industry, 1950-1966. 


TABLE 41 


Coal, Average Price f.o.b. Mines, Selected Western States, 1954-1966 


[Dollars per short ton} 


Year Arizona Colorado Montana New Mexico Utah Washington Wyoming United States 
COAL SOLD IN OPEN MARKET 
1954.. 6. 23 4. 80 N.A. 5. 88 N.A. N.A. INCA: 4,22 
Oeil See 6. 00 4. 82 4. 84 6. 14 5. 04 6. 92 Sh, GV 4. 26 
MO 5 Gras So. Re 4.90 5. 06 5. 80 4. 94 7. 20 3. 43 4. 60 
MOD Tees cx By Siy/ 5. 10 5. 62 6. 12 Hal 7. 60 3. 35 4. 82 
OSS ce: 5. 64 5.18 4.97 6.18 5. 05 Ws 3.48 4. 58 
MOSOR es 5. 92 4.92 4.28 5. 42 5. 39 TDS 3. 65 4.49 
OGO bee. -s 10. 50 5. 04 3.79 (Sy 72 5. 04 Teall 3. 59 4. 38 
MOGIE Bae « N.A 5. 28 3, 26 6. 07 4.85 7. 20 3h D7] 4.25 
eye N.A 5. 04 2. 98 3.17 4.7] 6. 90 3,35 4.19 
NOGS een c=: N.A 4.99 2. 82 2. 36 4.75 Un PM 3. 70 4.12 
W964 yc ws N.A 5. 04 2. 68 2. 40 4. 62 8.45 3. 66 4.11 
NO65E.... N.A 4. 67 2. 87 2.47 4.57 9. 07 3. 64 4.13 
19662)... .: N.A 4.52 3. 07 SS 4. 84 8.77 3. 63 4, 24 
ALL COAL, INCLUDING ESTIMATE FOR COAL NOT SOLD IN OPEN MARKET 

W954 cic aos 6523 5. 54 N.A. 5.91 5. 94 723 4.08 4.52 
DOSS eee e 6. 66 5e6S 2.00 6. 13 6. 35 6. 99 4.05 4.70 
NOS Se ee 6. 56 5. 66 3020 5), oY ay, Oe} 7. 26 3. 89 4. 82 
MOD Tere ice fe 7.02 6. 08 4.65 6. 05 5. 87 7. 66 3.76 5. 08 
ODS Aes eye 7.03 6. 47 2. 82 5, 1S) 5. 70 7. 80 S, Sy 4. 86 
O59 2 ccs 8. 64 6. 39 7. 00 5. 64 6. 16 7. 60 3.37 4.77 
MOIGO Bc ceter- 10. 50 Rots N.A. 5. 93 6535 “7. 54 3.45 4.69 
OG eet ca =: N.A. 9. 69 N.A. 6. 00 7.09 9. 38 3. 48 6. 35 
MOG Ze yacts N.A. 9. 39 N.A. HeO 6227 9. 26 3. 04 6. 25 
PIGS Raper: N.A. 9. 60 N.A. 6. 00 5. 69 9. 30 2A65 6. 08 
WOG4 Se N.A. 6. 39 N.A. 9. 41 9. 34 N.A 2. 63 6. 24 
1965Rs N.A. 6. 42 8.17 9. 41 8. 00 N.A 2. 68 6. 21 
196Giey a. N.A. 6537, The Bi 8. 36 7.44 N.A 2.90 6. 43 


N.A. Not available. 


Source: U.S. Bureau of Mines, Minerals Yearbook, 1954-1966, and chapter preprints therefrom. 
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TABLE 42 


Coal Cost for Electric Utility Generation, Western Region, 1948-1966 


{Dollars per ton] 


Year Arizona Colorado Montana New Oregon 1 Utah Washing- Wyoming Pacific Mountain United 
Mexico ton Region!2 Region 3 States 
[94850 -28 2ereee ne N.A N.A N.A N.A N.A. N.A N.A N.A 1. 04 5. 04 6. 69 
1949: 2oae Se Eee N.A N.A N.A N.A N.A N.A N.A N.A 1. 08 4. 89 6. 50 
L950 we pes a we ee N.A N.A. N.A N.A. N.A N.A N.A N.A. 70 4. 63 6. 38 
BR tee eo SR es Reef DO pee Se eo) ee 6. 65 70 Obl epg ee =e 3. 09 70 4. 67 6. 42 
1052 seat oer ere 19 4843" 2 6. 77 76 6:47 eee ees 2. 96 LO 3.71 6. 52 
19532eeeeee be A re 4°96 see 7. 26 78 6:2 Pek eS 2.94 . 78 4. 86 6. 52 
1954 See eee ee eee 500 = eee eee 7. 56 82 Ope 8 bedSes5 See 2.93 . 82 4. 63 6.25 
1955 eae ee eae ee eee 5301) ee anes Se een ee aaa 82 5. 29 2. 55 2. 55 . 82 4, 34 6. 01 
1956 ME oe eee 16 500 20 hse = ee eee ne ee 85 S46 Re eee ee eee 2.75 ota) 4. 02 6. 29 
1957 ee es eee . 20 DeAG  ® eeee aee eee e . 83 BAVA GRE Renee Eee 2. 84 . 83 4.10 6. 62 
1968 eee os Se ee N.A 4.96 2. 89 N.A N.A N.A N.A LS zal OU 4. 54 6. 55 
1 Seo ae oa ae See oe 5. 35 230 ee eae . 62 G07 ee Ale See 1.93 . 62 4. 04 6. 28 
LOGOS eee See peers =e eies 4.96 PARC! ee Beene ee 2. 09 DOO eee eae bal 2. 09 3.15 6. 26 
LOO Vs Se eo ee 4. 82 280 Pee a es 2. 70 55 OS ae ee eee 1. 73 2.70 3.70 6.22 
1962). eae ee 4.70 5. 01 2. 92 ile = ooo ee ee eee : Ae ee ee 1. 78 3.10 3. 87 6.15 
LOGS ee eee 3. 24 5. 00 2. 88 3. 06 3. 84 ic tey eae eee eens 1. 86 3. 48 3. 49 6. 00 
LOG 4-58 Jae NOee en. 2. 74 4,99 2. 89 EC Dee eee tse 6. Ole eee 2107; Uses eae 3,30 5. 88 
1965s ease DAs Fe 5. 01 2.90 PetlHl 6. 28 5s O2 eae Ree seas 1. 87 6. 28 3. 35 5. 83 
1960s==ee= ee 2. 89 4,95 2. 66 2. 89 4. 68 506 (eee eee 1.73 4. 68 3. 41 5. 85 


N.A. Not available. 


! Oregon data includes equivalent hogged wood from lumber mills. 
? California, Oregon, and Washington, but based almost entirely on Oregon data. 
3 Arizona, Colorado, Idaho, Montana, Nevada, New Mexico, Utah, Wyoming. 


Source: Edison Electric Institute, Statistical Yearbook of the Electric Utility Industry, Annual. 
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TABLE 43 


Delivered Fuel Cost for Electric Utility Generation, Selected States, 1951-1966 


[Cents per million BTU] 


Arizona California Nevada Oregon ! 
Year Gas Oil Coal Total Gas Oil Total Gas Oil Gas Oil 
TREES lege ea 16.8 Ze Vins ee eae yes} 20.7 26. 7 DIR oe oe ae 109. 0 OOS Oe eee er 34.8 
ROD Sees Fe sks. 17.6 GN dak by 2 16.7 23.1 27.8 2652 eee eee 111.0 ADS ORS. ce res = 32.7 
USS 21.9 70; Gyeeete ee 22.2 23.9 28. 6 26 OF eas ee 112.0 1123 Oe ee 35. 6 
TD Us ar 21.8 0; Gap ee eses see 22.0 24.1 28.3 20 sl ee see LONG a1 Os Oa ee 39.0 
Gh 2h eee rr 24.6 YOR he) Seas 24.6 25. 6 27.9 26. 5 38.1 68. 4 25. 5 27.8 
RES hiss Ss 5 ete 24.6 GEG. «sce = 24.1 26.1 34.1 29.7 32.2 55. 6 1 fr ee © 40.1 
INVA Aaa 25. 1 TONOWmeee eee ase 24.6 23 40. 6 33.0 32.1 67.2 3202 34.4 48.8 
LO oe er N.A INA a ee Seer N.A. 31.8 N.A. N.A. N.A. N.A. ; N.A. N.A 
HOt) io 28.9 ON A ee ee 28.9 32.4 33.0 32.6 37. 1 137.0 37.2 35.9 42.0 
ORO bere S. -2h n= 31.6 CUR ye pees wee 31.7 33.3 32. 2 33.0 38.3 85.3 38. 4 35.9 45.7 
OG enema to Sone BSE Sta ete sees 33.3 35. 0 32.8 34.5 39.8 70.6 35.9 46.7 
EGY a ina ee 33. 2 41.9 22. 8 32.3 34.8 33.3 34.5 39.9 71.9 40.3 36.0 39.5 
NORSee ee te oa 31.4 36.1 17.4 29.6 33. 5 32.6 33.4 38. 6 70.9 35.9 38.7 
NOG Smee anee ebe 30.1 38. 5 14.8 Dts 32, 2 30.8 37.0 37.3 72.3 43.0 Sees so 
BOGS Me see cote ee 30.1 67.2 15.1 PAR LS 31.7 32.6 31.8 37.7 63. 5 35.9 39. 1 
OC Gmeeera eS 23. 1. 55 30.1 57.6 15.7 27.8 31.6 32.2 31.7 37.3 70. 4 36. 0 38. 1 
Utah Colorado New Mexico 
Gas Oil Coal Total Gas Oil Coal Total Oil Coal 
OD Leper eee hn oS oo ee A 33.3 26. 4 28.1 14.0 36. 8 22.0 17.6 37.3 26. 6 
EP excimer 26.9 26. 0 26. 4 14. 2 37.3 23.4 17.3 44.6 28. 2 
Os see ans oc ek 2 PRAT 26.0 25.2 25.4 15.8 37.6 23.8 18.2 70. 0 29.0 
TCE ott a a a 23.8 23. 6 24.0 23.9 19.4 32.4 23.8 20. 7 45.4 30. 2 
Ash oa a AR 24.6 2153 22.6 20. 2 32.7 24. 5 21.3 CN ese Sees a 
a a er 22.9 26.0 21.8 23.3 20.1 34.9 25.8 Phas Oe YA Oe rete ae ee 
Oh (een en ee oe 24. 2 25.8 21.2 23. 7 20.0 39. 2 26.8 21.9 A082 pe eee 
ON), sae N.A N.A. N.A N.A. N.A. N.A. N.A. N.A. N.A. N.A 
CS ec Sees le 25. 4 23.8 Zine 23.0 2248 37. 7, 26. 2 23.9 52.8 eres eee 
if) 3 SSeS 26.9 24.4 21.6 23. 5 22.9 41.3 24.6 23. 5 34,3 Beet Se 
ISL a 26. 6 Zonk 21.4 23.6 PATS 36. 2 2254 22.3 SOs, Meera ses 
TRUE os oe I a ae ea ae 26; Opes ee 21.8 23.3 223 eee Saas 23.5 23.0 SRA aS EO es a 
LOGS see ee ees 26.6 24.9 22.4 23.9 22.1 45.6 23.4 27.9 25.3 16.4 
ae: = pat a 26. 5 24.9 PAB} 24.0 21.9 3%. 7 23. 4 27.8 25. 2 14.8 
NOGD Mee eee eee oe ee ees case 26. 4 25.0 22.3 24. 2 22.0 44.9 23.5 22.9 24.4 15.1 
OGGuemere a 26. 2 24.9 22.6 24.3 Daal 47.7 23.2 22.9 25. 7 15.7 
- Pacific Coast Region? Rocky Mountain Region 3 United States 
ear 
Gas Oil Total Oil Coal Total Gas Oil Coal 
1, eee 20.7 26. 7 23.4 ‘ 38. 0 24, 2 18.8 13.9 33. 4 26.8 
NOD 2 ene oe oo cn, Zouk 28.6 25.3 26.6 24.7 18.8 15.2 33.9 27.2 
lS 22a ee 23.9 28. 7 25.9 24.7 24.5 20.3 16.7 32. 5 27.2 
1G)? at a 24.1 28.3 24.9 25.8 23.9 21.2 17.9 33. 4 25.9 
LIAS. An Soe. Saas 25.6 27.9 26.3 26.5 22.9 21.6 18.7 33.5 25.0 
i 26.1 34.1 29.6 28.4 23.3 22.4 18.9 38. 5 26, 2 
iy) ae 27.3 40.6 32.6 Peal 24.0 22.4 20. 2 44.2 27.6 
LDS Se, 5 ep ell ale ee 31.8 39.9 34. 2 25.1 N.A 23.1 21.6 39.4 27.2 
RUS Sa ee 32.4 Boal 32. 5 i 24.2 23. 2 24.5 23. 2 35. 1 26.1 
TUDE. ee eae 33.3 32.3 32.9 27.9 25. 6 23al! 25. 7 24.4 34.4 26.0 
1)? 35.0 32.8 34.4 28.7 26. 5 22.0 25.9 26. 2 35. 2 25.9 
Oe 3S rs 34.8 33. 3 34. 5 Pa plpee NAS ese eee 22.1 25.8 26. 3 34.5 25. 6 
LOTS 33.5 32.6 33. 4 29.3 26.2 22.7 26. 1 25. 4 33.3 25.0 
BOGS meme 62 i056 1) 32.2 30.8 32.0 26. 2 PA 7f 22.8 25.2 25.3 32. 7 24. 5 
ithe 2 31.7 32.6 31.8 25.5 2207 25. 1 24.9 33.3 24. 4 
BOO mereeee ea = 31.6 32. 2 olan 26.3 22.9 PS? 25. 0 32.9 24.6 


N.A. Not available. 
1 Includes cob wood fuel. 
2 California, Oregon, Washington. 


3 Arizona, Colorado, Nevada, New Mexico, Utah. 


Data Source: Tables 35, 37 and 39 and Edison Electric Institute, Statistical Yearbook of the Electric Utility Industry. 
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TABLE 44 


Cost of Transporting Energy, by Form of Energy and Means of Transportation 


Transportation cost 
Form of energy Means of transportation per 100 miles Source 


¢ Million Btu. Mills/Kwh > 


Nuclear fuelae. se. eer ee Railvoad 3:15... sm susunix sides See cake eee Under 0.03... Under 0.003.. « 
Oil cae See rece eee Tanker ship... .ai®.822 ape ee eee ee ORIEtolO lO aes 0.01 to 0.05... 42 4 
Pipeline 2, s604.05/38, er Rens bee ee O:4 to Gees 0.04 to 0.16... © % =e 
Barge (average) scene cee tne eee OD cn acacuenct 0105 Seer ¢ 
Railroadstank car (average) a. aay AS nes. OF One eee a 
Trocki(average) -& (see. on een eee ee Ee Sere Ona 0.74: oa eee a 
INatural’gasi (as) ieee eee Pipeline: ... Alege haat 3 eee See He I ton 2 4 0:11 to 0:24.75 3 en a 
Natural gas (liquefied)....... Pankker ec oir atest Cree ee ace eae 0:3 tor0-9 ene a 0:05 to'0:09 re 
Barges.<..).siggrtvon. steals i area Cra eee OL6 en aie 2 O00 ce ere eee 
Railroad.:.3.: bd res Sces, Stakes eae: oc eaeeaEe yee Doe LHe iy testeie Meee O27 cee eee 
Goal? 2 ee nei So. ee Slurry. pipelinés 422. e: s.r 1:0: to: 2.05%: O:)sto;0- 250 ae © 
F.5 to 50.22 0.15 to 0.5.... @ bk s 
Railroad: intergal trainee eee OUT 0: 2:0 eee 0.07 to 0:2. eee 
Shuttlestram\ ys eee ere Ned) MOI o 6 6c ONO OSIDo4< 6 
18%6:3;602 3 0.18 to 0.36... ™ saeae 
Attiled tarifis....39%..-.. Mere acne :0) Conde Gene, 0:3; to: 08/622, 4m 
3.610 O:d ene 0.36 to 0.83... 1 
Western States 1964 average...... BiOcinnte ris stone OOO teen eee r 
Electnicity.isf4-8 1 ces oe High voltage transmission line ! 
At 10,000 Btu/Kwh....... WOO RVGA Git asaya See ie ere er 3.0tor3. Gamer 0.3 to 0:36.73 aaa 
SOQIKV AGH. Oe, Gay ee oe 3:6 (OA Or ees 0.36 to 0.48... ». Kym. Bay 
SES KV AGN. Rees cc ean eee G10 O.Gen ee 0.48 to 0.66... 5 ¥ 518% 
200 EC Vith Gee ae uae gael eee ae 66:10 90h 0.66 to 0.90:.. Bs kaa 
Unspecifiedsvoliages.... sta eee 7,8 to 30.0. 2,3 0;8 40:5,0 ee m 


1 These figures reflect point to point transmission and are probably on the high side, particularly if transmission is inte- 
grated into a transmission network with exchange by displacement possible. The subcommittee accepted the estimates with- 
out research as it is informed that the Transmission and Interconnection Special Technical Committee is investigating this 
matter in detail. 

* Part of range of costs reflects variation of cost with distance. In many cases somewhat lcwer costs than those shown 
might be anticipated for distances over 800 miles. 

b At heat rate of 10,000 Btu/Kwh. 

° Computed from data in source e, pages 83, 174-175. 

4 The International Tanker Nominal Freight Scale Association Limited Rates (INTA-SCALE or INTA) London. 
Both INTA and INTA-50% rates used. 

° U.S. Senate, Committee on Interior and Insular Affair, 87th Congress, 2d Session, Report of the National Fuels and Energy 
Study Group, Sept. 21, 1962, p. 168. 

‘ Interstate Commerce Commission, Bureau of Accounts, Transport Statistics in the United States, for the Year ended Dec. 31, 
1966, part 6, Oil Pipelines. 

* Walker, G. H., and E. J. Wasp, “Experience and Prospects in Economic Transportation on Coal in Pipelines,” Sixth 
Annual World Power Conf., Melbourne, Oct. 20-27, 1962. Cited by Southern California Edison Company. 

» U.S. Department of the Interior, Report to the Panel on Civilian Technology on Coal Slurry Pipelines, May 1, 1962. 

' Kauffeld, T. J., “Use of Integral Trains to Produce Competitive Bulk Transportation Costs.” Cited by Southern 
California Edison Company. 

i Thomas, J. B., Texas Electric Service Company, Letter to T. J. Galligan, Boston Edison Company, Nov. 21, 1962; 
(Db 

kSouthern California Edison Company. 

! Western railroads. 

™ Computed from data in source e, page 168. 

n “The Changing Scene in Mine-to-Market Coal Haulage.”” Survey by Coal Age of major coal-carrying railroads and 
representatives of other types of transportation companies—water, pipeline and EHV—December, 1962. Cited by Southern 
California Edison Company. 

° “LNG on the Move,” Robert E. Petsinger, Gas, Dec. 1967, Jan. 1968, Feb. 1968. Cited by Southern California Edison 
Company. 
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P Federal Power Commission Docket CP63-223 Exhibit 24; Gulf Pacific Case. Cited by Southern California Edison 
Company. 

a “9th Annual Study of Pipeline Installation and Equipment Costs,” John P. O’Donnell. The Oil and Gas Journal, 
July 4, 1966. Cited by Southern California Edison Company. 

r Interstate Commerce Commission, Bureau of Economics, Car Load Waybill Statistics, 1964, State-tc-State Distribution 
Traffic and Revenue, August 1967. - 

s “Potential Market for Far Western Coal and Lignite.”” Two volume repert to the United States Department of the 
Interior, Office of Coal Research. Robert T. Nathan Associates, Inc. Cited by Southern California Edison Company. 

t “ICC Streamlines at the Top” (Rent-a-train concept) Business Week, October 14, 1967—Transportation. Cited by 
Southern California Edison Company. 

u “The unit train: approaches to inherent problems” Harold I’. Egan. Consumers Power Company. Handling and 
Shipping, February 1966. Cited by Southern California Edison Company. 

v “Transmission Above 700 KV Hits Economic Roadblock,” J. K. Dillard, Electric Light and Power, February 1965. 
Cited by Southern California Edison Company. 


TABLE 45 


Energy Conversion Factors 


Type of fuel or energy Unit pata Source 
tu 
Electricity: 
telO0°, efficient Conversion <......7.0 2.2... oid era we ace eee 3,413 (°). 
At actual conversion efficiency............ 0 6 ha es Heat rate Compare table 6. 
(variable) 
DE NAA NEE AS eer taste p28 PST s ae aL sn fe ofl ooae s Gubic foot: ah 1: 1,075 West Coast experience. 
BRE UE Leite ns rides sais nia end «callers aig waive a si 8 Barrels cn eet 6, 400,000 West Coast experience. 
BoremPrt eee! OMS 2s esas ass sac ee eye ks Darvel gor ate 6, 000, 000 West Coast experience. 
All petroleum products, average.............-. Barrel eer eae 5, 800, 000 (4). 
Be ePIC EEOICUINT rot afer: ace ie whe vies cei et Barrelisatncns ee cts 5, 800,000 U.S. Bureau of Mines.® 
Shalesoil Meme ean il aacg.s the eetblnd Barreto sony meee are 5, 800, 000 (8). 
Natural gas liquids, including natural gasoline... Barrel?............. 4,400,000 U.S. Bureau of Mines.® 
Miduilicai petroleum GASES «6.4260 55% «geen bee Barrel? ae yo enc as 4,011,000 U.S. Bureau of Mines.’ 
Gallontere acca eee 95,500 U.S. Bureau of Mines.” 
Clog 0 3 Sig ra eae eae Shortatone sesame eee 20, 000, 000 Western States experience 
(average of bituminous and 
sub-bituminous). 
Bitte InW.OOC Me EIR Troe fatern ok: Wraicas tte agar ae? Cubicsloolseereee ne 151, 560 
Cordai{23 cu. tt)..-.... £9;400,000" 1(%). 
Nuclear: 
\ PASS he's 5 5 RRR Se SEA aR Besa eribit ees er eae 78, 000, 000 (!°). 
(.95 mwdt) 
ReneS a Pempner Oy 5 ARES wei. ASS Ri Lia RAAT Shes ivoramyd. 83 .net 79, 500, 000 
(.97 mwdt) 


598 Billion (#4). 
(7,300 mwadt) 


Slightly enriched, light water reactor fuel (mix- Short ton §.......... 
ture of fissile and fertile isotopes) —1% burn- 


up. 


1 Conversion factors deviating herefrom sometimes may be used where heat content varies. 

2 American Society of Mechanical Engineer, “Steam Tables,”’ 1967 ed., Page 289. 

3 42 gallons. 

4 Assumed equal to factor for crude petroleum. 

5 Mineral Industry Surveys, “Crude Petroleum and Petroleum Products,’’ Dec. 1966, p. 25. 

6 Weighted average of figures for natural gasoline and for other natural gas liquids as reported in Schurr and Netschert, 
op. cit., p. 736. 

7 Mineral Industry Surveys, ‘“‘Crude Petroleum and Petroleum Products, 1961” (Final Summary), p. 29. 

8 2,000 pounds. 

9S. H. Schurr and B. C. Netschert, Energy in the American Economy, 1850-1975, 1960, p. 33. 

10 §. Glasstone and A. Sesonske, Nuclear Reactor Engineering, D. Van Nostrand Co., Inc. 1967. 

11 General Electric Co., “Pocket Planner,” Technical Data (1968). 
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APPENDIX 3 
FUTURE GENERATION PATTERNS FOR THE WEST REGION 


Prepared by Task Force on Generation (Subcommittee on Generation) 


Introduction 

The Task Force on Generation was organized 
under the West Regional Advisory Committee 
(WRAC) of the FPC to report on anticipated pat- 
terns of generation for target years 1970, 1980, and 
1990. The FPC will use this information to update 
its 1964 National Power Survey. 

The following report presents a possible pattern 
of generation additions within the West Region and 
is based upon the composite thinking of representa- 
tives from the power systems that are responsible 
for supplying the requirements of the region. 

Commitments for new generating facilities are 
definite for the short term. Therefore, the Task 
Force selected 1970 as the “benchmark” for making 
long-range projections. Projections beyond 1970 
do not in any way represent commitments of the 
utilities to any specific program; they are this Task 
Force’s estimate of future generation patterns based 
on the current outlook. 

The Task Force divided the region into four 
study areas for which generation patterns were de- 
veloped to meet projected loads for the three target 
years. Generation patterns are tabulated in Section 
V and also are symbolized on maps in the 
appendices. 


General Discussion of West Region 


The map shows the West Region—the western 
third of the United States. Note the four study 
areas: M, N, O, and P. The numbered FPC Power 
Supply Areas are indicated within each study area. 

The West Region is characterized by load cen- 
ters which are separated both by considerable dis- 
tances and natural geographic boundaries. Its four 
study areas generally represent a grouping of utilities 
that are closely associated because of common trans- 
mission grid systems, similar types of generation, 
common watersheds, and other reasons. However, 
some of the study areas have within their own 
boundaries distinctly different characteristics with 
respect to the availability of water for hydro gen- 
eration and fossil-fuel supplies for thermal plants. 


Following is a brief description of the four study 
areas: 

Area M covers most of New Mexico, the north- 
west portion of Texas, and the Panhandle of Okla- 
homa. It does not have large volumes of stream 
water; therefore, most of the electric generation is 
from thermal plants. Its major cities are Albuquer- 
que, New Mexico and El Paso, Lubbock, and Ama- 
rillo, Texas. Approximately 60 percent of its elec- 
tric load is in the northwest portion of Texas where 
there is extensive activity in gas and oil production 
and agriculture. 

Over the 1970 to 1990 period, four types of gen- 
eration—namely nuclear, gas and oil-fired thermal, 
coal-fired thermal, and gas turbines—will be in- 
stalled in the varied regions comprising this area. 
The gas and oil fossil-fuel energy for large-scale 
thermal plants will be supplied from the San Juan 
Basin of Northwestern New Mexico and the Hugo- 
ton, Permian, and Delaware Basins of Northwest 
Texas. These basins have extensive fossil reserves, 
and will continue to be focal points for thermal 
generation. 

‘Area N includes most of California and Nevada, 
all of Arizona, and a small part of New Mexico. Its 
climate ranges from abundant rainfall in Northern 
California to semi-arid in the Southwest. Its electric 
power systems include some with approximately 
equal hydro and thermal generation and others with 
all thermal generation. Roughly 85 percent of its 
electric load lies within California. The major Cal- 
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ifornia load centers are around San Francisco Bay, 
Sacramento, Los Angeles, and San Diego. Other 
large load centers are Reno and Las Vegas, Nevada, 
and Phoenix and Tucson, Arizona. 

Over the 1970 to 1990 period, every significant 
type of generation—including nuclear; gas, oil, and 
coal-fired thermal; geothermal ; conventional hydro; 
hydro pumped storage; and gas turbines—will be 
installed to meet the diverse requirements of the 
regions comprising this area. Northern and Central 
California now have a large amount of low- 
capacity-factor hydro generation. Although more 
hydroelectric power is scheduled to be developed for 
peaking purposes, most of the future capacity ex- 
pansion for Northern and Central California will 
be in large scale nuclear units. Utilities of the South- 
west are planning more coal-fired and nuclear ther- 
mal units to fill out the base portion of their loads. 
They plan to add gas turbines and hydro pumped 
storage units for peaking and reserve purposes, 

Area O includes most of Wyoming, all of Colo- 
rado, and the western portion of Nebraska. The 
Denver load center accounts for almost half of the 
load. Nearly three-quarters of the generation ca- 
pability is in thermal plants concentrated at Denver 
and Hayden, Colorado and at Glenrock, Wyoming 
near Casper. The hydro generation is concentrated 
on the North Platte River near Casper, Wyoming 
and on the South Platte Drainage near Denver. 
An abundance of low-cost coal is available in Wyo- 
ming and Eastern Colorado, and coal-fired ther- 
mal plants are expected to provide most of the 
future generation. 

Area P includes quite diverse climatic character- 
istics, from the heavy rainfall along the Pacific slopes 
to the dry areas of Southern Utah. The Oregon, 
Idaho and Washington section of Area P is now 
dominated by hydro generation. The largest load 
centers are west of the Cascade Range in the Puget 
Sound area of Washington and around Portland, 
Oregon. Other load centers include Spokane, Wash- 
ington; Boise and Pocatello, Idaho; Salt Lake City, 
Utah; and Butte, Montana. Because the hydro in- 
stallations have limited energy available in critical 
periods, basic planning for new resources is to meet 
energy requirements. Historically, a surplus of ca- 
pacity has existed to meet load requirements, and 
the best utilization of stream flow to fit the load 
pattern has been and still is the subject of continu- 
ous study. Conservation of hydro electric energy 
has been aided by storage reservoirs and utilization 


of the diversity of run-off between coastal streams 
draining the west slope of the Cascades and the 
Columbia River Basin. Better utilization has been 
achieved through exchange of energy between util- 
ities and by coordinated operation of storage reser- 
voirs to reduce spill and increase available head. 
In the future, there may be opportunities to arrange 
beneficial exchanges of energy and to coordinate 
storage with Canada. 

Utilities of the western part of Area P are plan- 
ning extensive nuclear installation, while those in 
the eastern portion of Area P expect to use large 
coal deposits as the primary source of fuel for new 
generation. Development of nuclear plants in the 
eastern portion of Area P will depend upon nuclear 
power’s future comparative economics. 


I. Load Projections 


Study areas M, N, O, and P, are made up of 
FPC Power Supply Areas as follows: 


Area: Power supply areas 
A em ears ees eee Re 36, 39. 
IN ces Senet ee ee 46, 47, 48 
OP SAS 32: 
P= Hast ae ee 30, 41. 
P=—West* 2220-5 + 42, 43, 44, 45. 


Appendix 1 contains load estimates supplied by 
the San Francisco Regional Office of the Federal 
Power Commission for each of the FPC Power 
Supply Areas within the West Region. Although 
the FPC load projections did not coincide with the 
utilities’ estimates, they were used for all study 
areas except Area M. Revised load forecasts for 
Area M were submitted by the utilities from that 
study area. 

The estimates of peak demands for 1970, 1980, 
and 1990 have been considered as target year load 
levels. Although the projected loads will not neces- 
sarily occur in the specific years assigned, they were 
used as reference levels for projected generation 
development. With this qualification, summary 
tabulations and maps were prepared giving a pat- 
tern of possible generation installations to supply 
the demands for the designated years of 1970, 1980, 
and 1990. Energy requirements which could be 
expected to accompany the peak demands were 
taken into consideration in selecting the com- 
position of generation sources to supply the 
requirements. 
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ll. Sources of Supply 


A. Possible Sources of Future Generation 


The usefulness of hydroelectric generation for 
peaking purposes and for rapid recovery from sys- 
tem disturbances will continue to be an important 
factor in overall generation planning. Hydro plants 
therefore will continue to be installed wherever 
adequate sites exist or where provisions for addi- 
tional units are available. 

As the West Coast adds more and more large 
thermal plants, the same factors which have justi- 
fied pumped storage plants in the eastern states 
may make pumped storage more attractive in the 
West. 

Gas turbine peaking units are expected to be 
located near load centers at sites where gas and oil- 
fired plants are presently located. Gas turbines will 
generally be used for start-up and reserve purposes 
resulting in very few hours of annual operation. 
However, they are capable of operating for long 
periods of time during emergencies. 

Nuclear capacity is characterized by its high cap- 
ital cost, but relatively low incremental fuel cost 
indicating its use for high load factor operation. 
Generally, nuclear unit sizes are expected to be 
among the largest thermal unit sizes because of 
economies of scale. 

Summary tabulations of estimated loads and re- 
sources for each area within the region are included 
as Tables 2, 4, 6, 8, and 10 in Section V. Projections 
are presented for each of the years 1970, 1980, and 
1990. Sources of power to meet loads in the next 
several years are generally already committed, so 
data for the year 1970 can be considered an “ac- 
tual status” summary and also the “bench-mark” 
for estimated additions in subsequent years. 

Maps of the West Region are attached to this 
report to show the generation patterns and general 
locations of resources for the years 1970, 1980, and 
1990. In many cases several generating plants were 
combined into a generalized location for purposes 
of illustration. For this reason, the size of symbols 
should be considered only as a guide to the amount 
of that particular type of generation which exists 
or is estimated to be developed in that portion of the 
region. 

The load shape and reserve requirements for 
each study area were considered in selecting the 
proper mix of base load and peaking resources. 
Future economic considerations will determine the 


specific types of peaking and base load generation 
that will be installed. 

Area M’s generating resources in 1970 will be 
84 percent gas and oil-fired thermal, 9.4 percent 
imported coal-fired thermal from Area N, 3.3 
percent hydroelectric, and 3.3 percent gas turbine. 
By 1980, coal-fired thermal generation will increase 
to 15.5 percent and gas-fired thermal will drop to 
80 percent. By 1990, nuclear generation will supply 
9 percent of the generation, gas and oil will remain 
at 80 percent, and coal will decrease to approxi- 
mately 9 percent due to limited cooling water sup- 
ply in the coal area. Because there are extensive 
gas and oil reserves in PSA-—36, gas and oil-fired 
thermal generation will continue to dominate the 
generation picture in Area M. 

In Area N the 1970 generating resources will be 
about 25 percent hydroelectric and 60 percent gas 
and oil-fired thermal. The remainder will be com- 
prised primarily of coal-fired thermal. By 1990, 
the proportions of hydro and gas and oil-fired 
thermal will decline respectively to 13 and 23 per- 
cent of total resources. This change in the resource 
pattern will result from the increased use of nuclear 
capacity for base load generation, Nuclear capacity 
will change from a bare 1 percent in 1970 to nearly 
50 percent of the resources in 1990. 

Area .O has low-cost coal available in Colorado 
and Wyoming. Its resource additions through 1980 
will be in coal-fired thermal plants except for some 
minor hydro peaking additions and one nuclear 
unit. This trend is expected to continue through 
1990 for Wyoming. In Colorado, however, nuclear 
installations may become increasingly competitive 
with coal because the large concentration of load 
in the Denver area will allow large units in the 
1,000-mw class to be installed with a minimum of 
transmission. 

In the western portion of Area P, assuring an 
adequate energy supply continues to control the 
type of generating resource for future installation. 
Because the remaining undeveloped sources of 
hydro energy are few, and because only one sub- 
stantial fossil-fuel-fired thermal plant (Centralia, 
Washington) appears practicable at this time, vir- 
tually all new energy supply is expected to come 
from nuclear power plants. Additional peaking 
capacity through 1990 will probably be provided 
from installation of additional machines at existing 
hydro projects, although some pumped storage can 
be expected. 
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The eastern portion of Area P as of 1970 will 
have approximately 73 percent hydro and 27 per- 
cent thermal capacity. With few economical hydro 
sites available for development, thermal plants 
(largely fossil fueled) are expected to be used to 
provide for load growth in the area, Hydro plants 
now in the area will be utilized more and more for 
peaking duty. By 1980 thermal plants are expected 
to account for 56 percent of the total capacity, and 
by 1990, this percentage is expected to be 73 
percent. 


B. Possible Sources of Purchased Power 


Present and possible future interchanges within 
the West Region were considered in the preparation 
of the resource tabulations. However, the amount 
of such interchange was considered to be within the 
rather broad framework of existing contractual re- 
lationships recognizing that the economics of spe- 
cific future proposals could dictate other contracts 
and the substitution of interchange power for con- 
struction of resources within any one area. 

With the continued development of the coal re- 
sources in Area N, Area M will interchange power 
and participate in jointly owned generating plants 
in Area N. Purchases from the areas to the east and 
south do not show great promise. Although there 
is not presently an interchange of power between 
PSA-39 and PSA-36, such interchange may be 
advantageous in the future if gas fuel costs remain 
at a low level in PSA-36. 

Surplus energy and firm capacity from Area P 
will be available for a limited time and will be 
marketed in Area N over EHV interconnections 
between these areas. Exchange peaking power (ca- 
pacity and energy delivered at one time and repaid 
with a greater amount of energy at another time) 
also will be available from Area P and marketed 
in Area N. There will be other occasions when sur- 
plus energy from Area N will be purchased by or 
exchanged with Area P. 

Potential imports from British Columbia were not 
included in developing the 1980 and 1990 resource 
projections for PSA—42, 43, 44, and 45, Although 
there is substantial undeveloped hydro potential in 
British Columbia, definite plans for development 
of all of this potential are not available. The de- 
velopment of about 7 million kilowatts on the Peace 
and Columbia Rivers is being planned to meet 
British Columbia’s normal load growth through 


about the mid-1980’s. The British Columbia Energy 
Board reported in 1961 that the power develop- 
ments on the Peace and Columbia Rivers would 
cost about 2 mills per kilowatthour at site and 4 
mills per kilowatthour at load centers or delivered 
to the U.S—Canadian border. Other costs and 
transmission losses would have to be added if im- 
ports were made into the United States. 

No interchange was included for Area O in the 
resource program; however, joint development of 
resources with systems outside Area O may result in 
an interchange of firm power in the future. 


C. Factors Affecting Selection of Most Promising 
Sites 


Sites for future thermal units must provide the 
usual necessary features of cooling water supplies, 
transmission corridors, and suitable geologic condi- 
tions. However, to assure public acceptance, in- 
creased attention must be paid to environmental 
considerations, such as esthetics, thermal effects, and 
air quality control. The location of nuclear plants 
must also satisfy the special siting requirements of 
the Atomic Energy Commission. Locating thermal 
plants near load centers will continue to be desirable 
in order to minimize the amount of transmission for 
moving the power to load. On the other hand, it is 
sometimes necessary to locate the plant in remote 
areas to avoid adding combustion products to metro- 
politan environment or to conform to AEC siting 
requirements. These siting criteria and the applica- 
tion of corollary restraints severely limit the number 
of sites that can be developed. Difficulty of siting 
thermal units will have an important impact upon 
the economy of future generation. 

Because the safety of nuclear generation is being 
clearly demonstrated, most utilities believe the AEC 
will modify the siting requirements to allow con- 
struction of nuclear units closer to metropolitan 
areas, thus reducing the siting problem for nuclear 
units. 

The best hydro sites throughout the West Region 
have already been developed. With few exceptions, 
the remaining sites are economically marginal or not 
economic at all for single purpose power projects. 
Nevertheless, there will be an appreciable amount 
of new hydro developed incidental to irrigation and 
flood control projects. Additional machines will be 
installed at some existing hydro plants as the need 
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for peaking power increases. Also, the installation of 
pumped storage facilities at both existing and future 
new sites may become attractive in areas of the 
West Region which do not already have large 
amounts of peaking power to absorb. 


D. Discussion of Suitability of Generating 
Sources in Meeting Projected Loads, Including 
Probable Retirements 


In the West Region the development of mine- 
mouth, coal-fired generation will be limited by the 
availability of cooling water and can be expected to 
taper off by 1990. Nuclear power is expected to 
provide the majority of new thermal generation for 
the West Region as a whole for the 1970-1990 
period. In the Northwest, the transition from basi- 
cally an all-hydro energy supply to a thermal energy 
base with hydro peaking is already under way. In 
California, nearly all the base load generation pro- 
jected for installation after 1972 is nuclear. 

Commercial breeder reactors with their more effi- 
cient use of nuclear fuel will undoubtedly become 
important before 1990. Because the timing of 
breeder development is presently indefinite, the tab- 
ulations do not distinguish between the types of 
nuclear reactors. 

Unique sources of generation such as geothermal 
power and multi-purpose projects combining waste 
incineration or desalination with electrical genera- 
tion are being considered in planned resource 
additions. 

Whenever the economics of large-scale nuclear 
units and mine-mouth, coal-fired plants dictate their 
installation, there will be a related reduction in the 
capacity factor of existing gas and oil-fired genera- 
tion. The reason for such a reduction is that the 
incremental energy cost from the large-scale coal 
and nuclear units will generally be much less than 
from the older gas and oil units. Conventional gas 
and oil-fired thermal installations will continue to 
provide a competitive source of generation in cer- 
tain portions of the West Region where supplies of 
these fuels are abundant. 

Peaking generation additions will include con- 
ventional hydro, pumped storage, combined conven- 
tional and pumped storage hydro, and gas turbines 
where these types of generation are economically 
competitive and when the load and resource re- 
quirements justify their development. Peaking re- 
quirements of the Northwest and Northern 


California generally will be provided by already 
existing and planned conventional hydro capacity 
and by further additions of conventional hydro de- 
veloped in connection with multipurpose water 
development projects. The Southwest will depend 
to a greater extent on gas turbines and pumped 
storage. A major pumped storage project in this 
area will be located on the California aqueduct near 
Los Angeles, and will reach an ultimate capacity of 
1,200-mw in the mid-1980’s. Hydro pumped storage 
will become more attractive as the proportion of low 
cost coal and nuclear capacity increases. 

Retirements of older generating resources will 
be almost entirely of conventional gas and oil-fired 
units. Most hydro units will probably be maintained 
or reconstructed to keep them in operation. As a 
result of the rapid growth in size of electric systems, 
units being retired will represent only a relatively 
small part of such systems. 


Ill. Generating Reserve Requirements In- 
cluding Effects of Unit Sizes 


In estimating the pattern of future generation, 
additional capacity above projected load demands 
was included to provide reserves considered neces- 
sary for a reliable power supply. Adverse hydro 
conditions were assumed in planning generation 
resources, Each area included an amount of reserve 
for contingencies which it deemed prudent for its 
own particular types of generation, extent of re- 
source pooling and other considerations. It was not 
considered necessary or desirable to establish a uni- 
form reserve criteria to be used by all areas in 
estimating their future generation requirements. 

In some areas reserve requirements expressed as 
a percent of peak demand are estimated to decrease 
over the 1970 to 1990 period. Other things being 
equal, this should be expected as systems get larger. 
Pooling of resources with adequate interconnec- 
tions between utilities permits such reductions if 
unit sizes do not increase. If unit sizes are increased 
to obtain the economies of scale, then reserves must 
also increase and may actually increase the percent 
that reserves represent of total generating resources. 
Present experience with the large new generating 
units indicates a relatively high outage rate. As 
additional operating experience is obtained, an im- 
provement in the reliability of these new generating 
units may justify a reduction in the amount of ca- 
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pacity held in reserve. A reduction in reserves must 
not be equated automatically to good or economic 
planning because an expansion ‘pattern accompa- 
nied by an actual increase in reserves may be the 
most economic. ; 

First-of-a-kind units will continue to require more 
test time prior to commercial operation and sub- 
stantially more reserve capacity because of the 
lengthy licensing process and unpredictable con- 
struction delays. Shakedown of the more complex 
generating units requires temporarily-increased 
amounts of reserve capacity until a mature, more 
reliable performance status is achieved, 

Reserve requirements will change with the selec- 
tion of unit sizes, experience with forced outage 
rates, number and strength of interconnections, and 
pooling arrangements. 


IV. Coordination of Bulk Power Supply 
Within and Between Regions 


The subject of coordination was generously dealt 
with in the December 20, 1966 report of the Sub- 
committee on Coordinated Planning and Develop- 
ment. Existing organizations were well described 
therein and the report’s indication of the trend 
toward coordination of planning has since been 
verified in the formation of the Western Systems 
Coordinating Council (WSCC), which includes 
some 40 organizations representing virtually all the 
major utilities in the 13 Western States. 

Coordination between utilities, both public and 
private, has increased significantly over the last few 
years, and further substantial progress along these 
lines is anticipated. 

Benefits have already been obtained from these 
coordination efforts and further benefits will accrue 
in the form of jointly owned large generating units. 
Projects such as Four Corners, Mohave, and Cen- 
tralia are excellent examples of joint ownership of 
large generating units. 

Coordination of bulk power supply is a contrib- 
uting factor to larger economic unit sizes, expected 
to range up to 1,200 megawatts in the 1970’s. Both 
the utilities and the manufacturers indicate that 
an assimilation period is prudent before stepping 
up to larger sizes. In the 1980's, unit sizes may range 
between 1,500 and 2,000 megawatts; however, the 
so-called “economy of scale” does have a limit at 


some point. Future generation patterns envision 
strong EHV transmission grids within and between 
the utilities. Coordinated planning will open oppor- 
tunities for increased reliability, economic benefits 
through contracts for economy energy interchange, 
reserve pooling, overhaul schedule optimizing, and 
coordination of spinning reserve. 


V. Generating Capacity Patterns for 1970, 
1980, and 1990 


Resources tabulations for the base year 1970 and 
target years 1980 and 1990 are included in this sec- 
tion of the report. Base year resource tabulations 
include all resources expected to be in commercial 
operation by 1970. These tabulations describe for 
each plant or project the general location, the 
type(s) of unit(s), the capacity, and for thermal 
plants, the cooling method and source of cooling 
water. Resources tabulations for 1980 and 1990 
describe only the changes in, or additions to base 
year resources. The location of future plants has 
been left quite general because the objective of this 
report is to establish patterns of generation. Also it 
is impossible at this time to designate specific future 
sites. Sales and purchases within the grouped power 
supply areas have been netted out. 

Loads and resources summary tables which illus- 
trate the generation capacity patterns show esti- 
mated peak loads, resources (classified by type), 
scheduled overhaul at the time of the peak load, and 
the reserve margin. Tabulations and summaries are 
as follows: 


Resources Loads and 

Area Tabulations Resources 

Table Summary 

Table 

10M Ey 5 Sc Stich een ee eee mE i 2 
ING One eure tow eh ges wie 3 4 
OPPO E eee ees a Shs 5 6 
Pa TASt eran neh utils eae 2 7. 8 
PW Steere siahe he arenes ee 9 10 


The resources tabulations and loads and resources 
summary tables reflect an estimated pattern of gen- 
eration expansion based on current technological 
developments and foreseeable competition between 
the various known types of resources. 
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TABLE 1-1 


Generation Resources—PSA 36 as of 1970 (Base Year) 


Location Capability—mw Thermal units 
Project name Unit No. Type 
City State Units Project Sourceof water Cooling 
supply method 
Southwestern Public 
Service Company: 
Carlsbad == aee aa Canlsbads-=s- == New Mexico___-_-__- 1,2,3,4 GAOT 48 48 Pecos River___- OT 
CZi Oe esa Pe (Panipat e OXaS = eee if GST 12 12) J2as2. see CT 
Cunningham___________- Hobbs= = 4a New Merxico___-___- 1,2 GAOT 275 215°) Wells3=22es=aam CT 
Denver City=-= === Denver City_____-_ TL OXaS eee eee 1, 2,3,4 GAOT 87 87 Wells2.:>. 2 CE 
Basteblante: see eee Amari lig ssa Texas! <> ja. = eee TL PLS ZU hs GAOT 74 74. ‘*Wells.22225aeee CT 
Guymon®=_-== = Guymon] ese Oklahoma________- 1 GST 15 1b) 22. CT 
Moore County_-________- Sunray) -2sseee Texss ee ee 2,3 GAOT 69 69 osce tee eee 
INIChOIS See ae = eas ‘Aman los. eee ‘Texas: 322-2 eee 1,2,3 GAOT 412 412 Wells... -222 328 CT 
Plant Xe een eee Eartheee = eee Nexashis ee are 1,2, 3,4 GAOT 461 461 Wolist: Sasa CT 
Plant: 66553. sees Borgerst2s = Toxas” 3555 2 1 GST 30 30) 2. 28252 See CT 
IRivervic wees =enne Borger sess eee Nexas eee sae 2,3,4,5 GAOT 62 62, Wells.: 2 Cx 
Roswellseyss a seamen Roswellas== ess New Mexico___--_-- 3, 5,6 GAOT 21 aae ee Wells 222245" CT 
7 GST 10 37. cost | CT 
LUC rea ae nee ee Abernathy _-______-_ Texas eee 2,3,4 GAOT 38 38. . Wells..= 5 =ss2eeaCo 
Notlocatedt=222 & = - 8332 e i ae ke ‘RexasiandNGwam eee ee GsTt 30 30. ccscse eee CT 
Mexico. 
Total:Southwesternt "yy Se sea 5s eae = ae ae ee es Se ee 1, 651 
Public Service 
Company. 
Other: 
New Mexico Electric 
Service Company: 
Maddoxt=eestss= = Hobbs 22-6 eens New Mexico______- 1 GAOT 115 115) Wellsies22-=eeeee CT 
Various municipals: ; 
WaTlOUSS= ee Ee re See eh ae A Peete eng Viarlousse 203 203 
Totalother). 222.20. 5.x teen ee Ee Ret ee a ee  E 318 
Total’ aves 'S6:..2 Sse basse ee ed Be Be ee ee ee 1, 969 
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TABLE 1-2 


Generation Resources—PSA 36 As of 1980 (Additions and Deductions Following 1970) 


Location Capability—mw Thermal units 
Project name Number Type 
City State Units Project Sourceof water Cooling 
supply method 
Southwestern Public 
Service Company: 
Denver City____--_-_--- Denver City___-_-_- Texas fess. 22 1 GAOT (8) 79 W.GlIStese Seana CT 
Mastiblant 2222-31233. Amarillo: 2. =.= Texasteeseee t= ou 1253 GAOT (28) 51 Wiellsiee esas see ee CT 
FONCS See A South Areawees==— Texas ss.) ae 1 GAOT 234 aoe Wells:4: 22 ce CT 
2 GAOT 350 584 Wells... =. 4-22 CT 
INICHOISeeee eee See Amarillo: =seeeee MOxas Wee Sea s 3 GAOT ER oan ee Wiellsseee sooner CT 
4 GAOT 234 Deas eee Wellss2*_ 2-2 -e CT 
5 GAOT 350 1, 030 
RUIVORVIOW = =2=-2=2-25<2. iBorgers==— === "Lexassee. 222 2, 3,4 GAOT (62) eee eee ere WIE cae Bene st CT 
6 GAT 170 200 Well siete ees CT 
PICO Wee es ee SE Abernathy _-______- Texas ee eso 252. 2. GAOT (7) 31 WellS2 ee. .2 A505. CT 
INODNOCSLCG 25: = sea te as ae ES Texas'angeNew) 2 cesnesee eee GST 30 SOE teen ee So eeea oo (GAP 
Mexico. 
ROLMGCOULHWESLOL Mga eee tne eee oy ye ee nee RS ST Bee ec sion con =e Soke es URES yee seen 
Public Service 
Company. 
Other: 
New Mexico Electric 
Service Company: 
Maddoxsee ss) fo 2 Hobbsee2 cee New Mexico------- 2,3 GAOT 230 Sib Wellseaes aoe CT 
Various municipals and 
€O-OPs.: 
USELESS el Various 181 384 
MMO EM| GUA gore ae = Se ee ES eS ee ea CO aes eee 
INE CLTCAGT — S 2 Bg eS a ee bye See See 
additions 
HOPG NGS OP TSA S Biren) Le a ea a ee 100 100 
PSA 39. 
NTU GYRE Bie ep ee ee ip a Re lat es ne en a BE ee ee ae 
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TABLE 1-3 


Generation Resources—PSA 36 As of 1990 (Additions and Deductions Following 1980) 


: Location Capability—mw Thermal units 
Project name Unit No. Type 
City State Units Project Sourceof water Cooling 
supply method 
Southwestern Public Serv- 
ice Company: 
G@arlshbadia= ese ee Carlsbad 22 ---—— New Mexico- - ---- 2,3 GAOT (26) 22 Pecos River) OL 
Denver Citys 2-2 = Denver City-_-_---- Texassseee. ee 2,3 GAOT (31) 48 Wells: =.=... CT 
Bastiblantetesee eee iAmarillossssssss== Texas seen eee 4 GAOT (12) 39 Wells... CT 
Riverview oss ste soeee Borgéeris.-se ee TNOXaSe see oe 5 GAOT (30) 170 Wells:: 22a CT 
Roswella 222. seo == Roswell. __-------- New Mexico------- 5 GAOT (6) 31 Wells__ CT 
Moore County_--------- Sunray 22e-e= Texas acter. = 4 GAOT 234 3038. Wells: 22 2222eees CT 
‘ShermaleAve seers e ees Amarniiozesseseee= TOX8S2 eee eats 1 GOAT! 500: Se Wells..-== == CT 
2 GAOT! 500 1, 000 
Thermal Ba eee ee ees New Mexic02ac--2-- es see GAT 170 170 Wels CT 
JOneSsn eee eee eee South Areatees-u= =. CXas se eeee ees 3 GAOT 500 1, 084 Wellsi.:. 2225255 CT 
Plain kone eee ene Wart hees= = ese Nexas Nene ene ce= 5 GAOT 500 961 Wells._..-.. CT 
Neral Cleese see es ee eens "POXAS) oso es ee ate ee eee GAT 170 170° Wells: =e CT 
UIC Sass ae eee ees Abernathy -------- Texasse=5- == 3,4 GAOT (31) 0 Wells =e cE 
Total Southwestern 
Publie Service 
COMMP AY a se ae ee 2; 438 2 ae 
Other: 
New Mexico Electric 
Service Company: 
Maddoxssse= seems Hobbsikee ee New Mexico- ----- 4,5 GAOT 230 575 Wells: 22-24 CT 
Various Municipals and 
Co-ops.: 
VAY TOUS oer ee te arc St Se ee Variouse-2=-—— 257 641 
Total others 2222-22525 520 oe ee ee eee ere 487 
Net generation addi- 
PIONS 22 oo ue ee ae we wey a a ae eee ee 2, 925 
Purchases:from. PSA 89: 2.20) ee ee ee rere 150 250 
Total ATCA :S6 02. 2-2 eee one ee koh See ee Se a ae ee ere 3, O10 eee 


1 NoTE.—These two units may be nuclear if the breeder principle proves successful. 
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TABLE 1-4 


Generation Resources for West Region—as of 1970 (Base Year) 


Location Capability—mw Thermal units 
Project name Unit No.! Type? 
City State Unit(s)? Project! Source of water Cooling 
supply method 5 
Thermal resources in PSA 
39: 
Reevestewecss = as ote Albuquerque___.._. New Mexico--_----- 1, 2 GAOT LOOM ee 
3 GAOT 75 175 Wells): 3.22 - 5-4 CT 
IBOrsOn see enee te Albuquerque______ New Mexico--_----- Lee GAOT hp ie: Se ee 
3, 4 GAOT 70 114 Wollsta ae enee Cr 
IPrapehess 2 os ee Albuquerque_____. New Mexico__----- 9 GAOT 12 parse 5 
ts ths, <3 GAOT 21 33s Wells =-ees-s Ca 
Santame 2 -ce.e.. Ao ee Santa Fe___------- New Mexico-_-__---- ee, GAOT 13 13 Wells ters. 22es- CT 
Algodones_-...---=----- Algodones__------- New Mexico-_-_---- i 8} GAOT 54 54 Wells #522224. CT 
HOLUSDUTE = 2-2-2 2 Lordsburg ------- New Mexico------- 1 GST T2i5 geet sees. 
2 GAOT Ria ee: ea 
3 GAOT 1a 
4 GAOT 25 54 Wellsiee = Se. CT 
RiowGrande:-- --- = -- = Ana pYas-< ee New Mexico-__----- 1 GAOT 1980 eres so 
2 GAOT D8 der eens eo 
3 GAOT OA WG ee me 
4, 5 GAOT PROM Leh ee 
67 GAOT 98. 0 240 Wellstceoneee oss CT 
INO WiNlan ee esse =. =e EUPasoe Rexas eee es ots 1 GAOT ie eee 
2 GAOT 02:4 PRS Ss 
3 GAOT 111.3 200 TW ClISse eee eeteee CT 
TRL ys ee gee ee ee ee ne eee ete 97340 eee 


1 Unit identification. 


2 OT=Oil Fired Thermal, GAOT=Gas or Oil Fired Thermal, GOT= Geothermal, N=Nuclear, ND=Nuclear-Desalter, D= Diesel, GST= Gas 


Turbines, GAT= Gas Fired Thermal, CT=Coal Fired Thermal. 


3 Net Capability of Units—Excludes Station Use. 


4 Summation of capability of all units at time of peak demand. 


5 OT=Once through cooling direct from ocean or river, OTP=Once through cooling with cooling ponds, CT = Cooling Towers 


TABLE 1-5 


Generation Resources for West Region as of 1970 (Base Year) 


Hydro 
Location Number Capability energy 
| Project name stream State of units Type! megawatts million 
| kwh 
| median 
Hydro resources in PSA 39: 
Ue Pe EA) 9 UIUC Soret Ce een Rio Grande New Mexico. H 22 35 
Purchased by PSA 39: 
See SALA DV GLO) 41.e Peek Gee sc vais GS MOEN apd Tele a Ka wes ye MVE a 87 380 
EE Ere eC CLINI AL) seme te eerie ies aii ee oe ieee ne eetln ee a Rare eae Ome eee 
*SEYIST Sah ue SS SOE Si ACTS Cn oe er eee a ee BOB Foor ioe cceeae 
1H=Hydro. 


2 Joint ownership project outside area M. 
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TABLE 1-6 
Generation Resources for West Region as of 1980 (Additions Following 1970) 


Capability—mw 
Project name Location State Unit No.! Type? 
Unit(s) 3 Project 


Thermal resources in PSA 39: 


IN@Wanlanaidiccc ieectetion cesta cha che en emer EliPaso-eer ee Lexas aera 4 GAOT 145 435 
Thermal-—A 400.05, 6205 ¢ Saez eo uiee Gao ee ‘Lexas<ns- ] GAOT 225 (500) 500 
Totaly. o5000 hice te Bee ast EE, OTe 370° eee 
Purchase from others: 
From.areaN (thermal:resource)!..:)y52 ete c as ol te eee ane Cerone 634 1, 037 


1 Unit identification. 

2 GAOT =Gas or Oil Fired Thermal, CT =Coal Fired Thermal. 
3 Net capability of units—excludes station use. 

4275 mw available for others. 


TABLE 1-7 
Generation Resources for West Region—as of 1990 (Additions Following 1980) 
Unit Capability—mw 
Project name Location State No.! Type?, ————_ 


Unit(s)? Project 


Thermal resources in PSA 39: 


Mhermal— Artis cast een peo RST SR ee One “Texas 0 asc 2 GAOT 500 1, 000 
Thermal-=B2) tiara ieee Ree New Mexico. . L2maN 1, 000 1, 000 
‘Fhermial Gis coc a oes Ce eee te See Ere ree ‘Béxas Sarees 1,2 GAOT 500 500 
Dotal vic. ncdiotso ess. si Sia wedge dase hoo er age ewes Patong cinta ote eer a aa 2; 000.8 ae 
1 Unit identification. 
2 GAOT =Gas or Oil Fired Thermal, N = Nuclear. 
3 Net capability of units—excludes station use. 
TABLE 2-1 
PSA 36 Resources Summary Megawatts 
Meg watts 
1970 1980 1990 
Es. Peak; Demand) (mw,)-PSAs36: te. eo hee ee eee ee 1700 3320 6080 
II. Capacity resources (mw): 
|e hC0 | 0 ee arn Cee ARM ics Seca Slat Mntiio qa dis ond ao ate 0 0 0 
Thermal: 
CF AS ea soda sles god Cr ale Beaty whe SCE paver MO ene eT a 1872 3585 6510 
Gas Turbeies. 5 oie ial k ken See ie ee 97 127 ‘war 
Veta isis ates sk sis tela lad noua peta seagate ee RC a 1969 3712 6637 
Purchases from othersics 5. .ad.t on desc sere ee ee ee ne 0) 100 250 
Sales to others4dig ose cos eee one od ee ae eee eee ae 0 0 0 
Lotaliresources sy. 1455. o eraeisne ae eee ee eae 1969 3812 6887 
III. Gross margin—capacity resources in excess of peak demand............... 269 492 807 
IY... Mamtenance’ at tune of peake.).. .3.22- 40-2 4--- ee eee 0 @) 0) 
V7 Netmargin at time: of peak...) se see ee ne ee : 269 492 807 
Percent of peak demand i. i.scchch Sa Vg ie eee ae 15. 8 14. 8 133 


1 Forecast by utilities in area. 
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TABLE 2-2 


PSA 39 Resources Summary 


[Megawatts] 
1970 1980 1990 
Ea SEES SSS atic 2 a. Scene d= 0a eae ne oo rh rn oe 1, 002 1,913 3, 646 
II. Capacity resources: 
Peer GN COUOM AL i see Gie ae crs. ce Soe Ines 2 oad cee 22 22 22 
Thermal: 
G@eianital GH Cove S om ba ERO clone oy ATIC ot Aen eee ee 960. 5 133055 2,930) 5 
Rea cr CUT Ere fee etre An Nc ech an arco RE ces has co GAT 1245 1255 1275 
INC ESS CARY os ul eal Coke, ole oe Se ts ee PRA Or eo ne 1, 000 
TREC orolg Ba PRS OEY Old A RU Rear Nae ities iain, © toe ve act a 973 1, 343 3, 343 
unchasesuromuothers a trombareayN)) i. a iin oasis Cee nao 403 1, 037 1, 037 
Biota lereSOULCES ewe yea PRI est 6.80 SR Sa eeB ye ic wiccdis tn, wheats, g 1, 398 2, 402 4, 402 
III. Gross margin—capacity resources in excess of peak demand............... 396 489 756 
Seemtirichance at tite of peak’. 2). so seyie ce es say do siebiwiee en vhs es cay oes 0 0 0 
Sememeedrolnnar time Of Dtak..) ioope oe ant oes 26a 3 nde Gere eee D AI 396 489 756 
Serec tee stleaR Cian Aare, ett ey thors ee ee ee oe spel, 25. 6 20. 7 
1 Combined total forecast by utilities in area. 
2 Includes joint ownership projects outside area M. 
TABLE 3-1 


Generation Resources for West Region as of 1970 (Base Year) 


Location Capability—mw Therma! units 
Project name + Unit No.1 Type 2 
City State Unit(s) 3 Project! Sourceof water Cooling 
supply method 4 
Thermal resources in PSA 46: 

LS) oo JAVON Bees oo aenee California.____-.-- 0 es Se ee GAOT 46 46 Mallard Slough.... CT 
ContraiCostal=..-..-+-..- Antiochesenees= = Californias -2—=2-- 1, 2,3, 4, and 5____- GAOT SS ieee ae 

O.nOiiese- oe GAOT 678 1259 Suisun Bay__----- OT 
MGA OV SOUS 2 eee = ceo. Healdsburg - -_-__- California===-2- = UAL Ct ee eee GOT Lt, See 

OA Sas, See GOT bc on Condensed CT 

cae 4 sae oe ea GOT 54 79 Steam. 
Humboldt Bays 2-22... =. Hurekasene es © aliormigesss= = ae tand2es ss ae GAOT 04 eee ae cee oe Humboldt Bay__. OT 

Dee ee nae N 50 154 
Enters, Point... -.-.--2. 2 Soe ranciscosseeo= California. __..._- 1h! ee GAOT AD eee ee 

andor ees ae GAOT PA ae ee San Francisco 

Oe a eee eee GAOT 163 418 Bay. OT 
ING. Bakersfield _ -___-- Californias 5 HE oe MSs Sal oe a GAOT Lf eR ot od 

Py pk GAOT 105 179) “Wells: = 28s. 2" Cr 
RAT INO7 See 2- cae e = Martinez 2222-2 California_________ LAR Foe oe es GAOT 46 46 Mallard Slough_... CT 
MOMTOED Sa Yeee-=-- --=s=2=2- Morro Bay_------- Californiaze.-- = 24 iano GAOT BD) eae ee Pacific Ocean ----- OT 

Shale b= Baa eee GAOT 676 1001 
Moss Landing - ..-..------ Moss Landing---_-- @aliforniate=---- 2 |, 2,354, and. O2-e2- GAOT O83) ae eee a 

Giandiieee sone ee GAOT 1470 2053 Pacific Ocean -___-- OT 
(OR PNT | rr Oakland ss2-2--= Californiges=s-2e= U4. | ee eee a GAOT A (eee ce 

Ris ok Se GAOT [| ee San Francisco oT 

; fie At os Sea Be GAOT 48 102 Bay. 

OGM ee Se Olesen es @aliforniqu=s 9] ese handi2sse- ee GAOT 94 94 San Pablo Bay__.. OT 
PAMSDUTS 2. 2 -- = iPittsbureesseee= California__-_._._- Ie2no ond 4 eee GAOT G50 eee eens Suisun Bay -_----- OT 

BANG Ossett eee GAOT 649 1299 


1 Unit identification. 

2 OT=Oil Fired Thermal, GAOT=Gas or Oil Fired Thermal, GOT= Geothermal, N=Nuclear, ND=Nuclear-Desalter, D=Diesel, GST= Gas 
Turbines, GAT=Gas Fired Thermal, CT=Coal Fired Thermal. 

3 Net capability of units—excludes station use. 

4 Summation of capability of all units at time of peak demand. 

5 OT=Once through cooling direct from ocean or river, OTP= Once through cooling with cooling ponds, CT = Cooling Towers. 


ITI-3-131 


TABLE 3-2 


Generation Resources for West Region as of 1970 (Base Year) 


Location Capability—mw Thermal units 
Project name = Unit No.! ONS 
City State Unit(s) * Project’ Source of water Cooling 
supply method 5 
Potrero 5-4-2 sase2 so San Francisco- ---- Califormiate=-a---= Jani 2 S25. soe GAOT i Oy eres oe, te San Francisco oT 
Be epee eee sea GAOT 204 321 Bay. 
Gas“ TurpineSs.ssa= see ee Sparkseee---2----= INeVadane=se= fiandi2oeess aes GST 25 25 
EDP ACYs ce et ee ee Sparkes =2e2--ee ING Vadaneenseeeee= i epee APS ee a GAOT Boddeti ae meee 2 Truckee River__.. OTP 
PHS Bde Re ae ee GAO: 87 140 
ort. Churchillee ss = see anon Weringtoneee asa Nevadaze==—-=-=—= Le etsa See eee GAOT 110 110° Wells= 222 === ODE 
Diesel Units a. 2 eee sees Warlouse-=sseeeoe= INeWwadaeas=seeee== (units) eee D 26 26 
1 YOY ee ee et oe ee re i eee eee ar Oar aor Hor are See bocoseneeeeeasce 7352 


1 Unit identification. 


20T=Oil Fired Thermal, GAOT= Gas or Oil Fired Thermal, GOT= Geothermal, N=Nuclear, ND=Nuclear-Desalter, D=Diesel, GST= Gas 


Turbines, GAT=Gas Fired Thermal, CT=Coal Fired Thermal. 


3 Net capability of units—excludes station use. 
4 Summation of capability of all units at time of peak demand. 


5 OT =Once through cooling direct from ocean or river, OT P= Once through cooling with cooling ponds, CT=Cooling Towers. 


TABLE 3-3 


Generation Resources for West Region as of 1970 (Base Year) 


Location 
Number 
Project name Stream State of units 
Hydro resources in PSA 46: 

Pate Lee Aarne ere wearer: Pit Rivernmeee ieee -., California.... 2 
IPI Serre te ee Pit. Rivera Aero California... . 3 
PitcA woe eect eter cons Pit Riverweeo oreeoori California... . 2 
Bio = oe cele ge aore: ne Pit Rivera so. eee ee cee California.... 4 
Slammes! BB lackser ne IBC RAV.el rae eee ce California.... uy 
PLtEGics. 2 at oer eee PI Rivert.g, eee eee California... . 2 
Ratesi matey teases Sree: Pit. Riveren ark ee California.... 2 
Butt Valley.........ass N.Fabeather River... - California.... 1 
@aribouls faerie Nabe becathers River California... . 5 
Beldenwerr ee = oe tee N.F. Feather River...... California.... 1 
Bucks Crecken wee N.F. Feather River...... California... . 2 
Rock Creek.......... N.F. Feather River...... California.... 2 
(C@estan ee CSE Ae Nea eather Rivero California. ... 2 
Poeve Serta eee N.F. Feather River...... California.... D 
Drummer vas. tat soe Bear River sea eee Caliorniane 5 
El Dorado ees cvs cpu 5. American River oo. California... . 2 
pale Springs ae ,c4.. 453 Mokelumne River..... .. California.... 2 
igen Creckeen sires Mokelumne River....... California... . 2 
Blectra. 24... 4-002. Mokelumne! Rivers eo.) Californiaaaer 3 
Stas aus Stanislaus River. ......-- California... . it 
Wishonessoe ses see N.Fgikings’Riverse a26 2. California... . 4 
Rerckhottret = tencon San Joaquin River....... California.... 3 
IBIS o ocunmagooomodo IN od URES Ocoee California... . 2 
Balch Pain eee NPY Kings:River sass California... . 3 


Type } 


angen pmecugcopgaopmeriecgia> mer mecmanmermscganmensrangmermerpaan er mariganmerazeD) 


Capa- 
bility 
mega~ 

watts 2 


57 
71 
95 
156 
13 
74 
101 
33 
oD 
117 
55 
110 
68 
115 
94 
21 
31 
58 
92 
80 
20 
38 
137 
139 


Hydro energy 
(million kwh) 


Adverse Median 


236 
312 
348 
675 
399 
244 
344 
208 
752 
516 
102 
522 
328 
506 
2495 

62 

93 
203 
200 
241 

30 
171 
301 
Sol 


264 
385 
422 
836 
528 
Soe 
481 

84 
356 
245 
241 
483 
331 
512 
280 

98 
176 
353 
347 
376 

94 
264 
395 
49] 


1 H=Hydro, HPS= Pumped Storage Plant, H-HPS = Combination Conventional and Pumped Storage Hydro. 


2 Summation of capability of all units at time of peak demand. 
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TABLE 3—4 


Generation Resources for West Region as of 1970 (Base Year) 


f Capa- Hydro energy 
Location bility (million kwh) 
Number mega- 
Project name Stream State ofunits Type! watts? Adverse Median 
ISAM OSRIAVER, «. . opera's agayeyets INGE ings RIVED oceania. 'ec California... . 1 Et 42 113 iLS37/ 
MEU R c io. -, <<. ava sitrinibya iy Crammer ee @aliforniay. ... 2 lel 110 355 270 
Peru Greek... 60 Spring Creeks 4 ~.-..;. YeCalifornia® . .«. Dive EA 182 467 416 
Pearce airy ss)... sf. Glearmi@rcekeere rs oe California... . 2 j6l 156 528 427 
BSP ies. oan mtnrn Aieyay Sacramento River....... California... . Cy s! 466 1390 ey 
C80. rn eee Sacramento River....... California.... 3 Jal 67 354 345 
BRMEOUIME rnin ed. RPE ArumericaneRiv ern .qa4e California... . 3) del 165 271 534 
Oroville-Thermalito....... EGAN RUM 6 goo goadee California... . 10 H-HPS 72) 917 1,910 
Yuba County Water 
PREV 6 os. cutoGls mith’ ME. Yuba Rivers.is.y.'h California... . 3 H 202 830 940 
Nevada Irrigation Bear Rivers eee ses California... . 7M sk 332) 152 185 
District. 
Placer County Water IMEI. AVENE scoosac sa Calibiommey, 45 - 6 H 192 St 586 
Agency. 
Memtons Valley... 0600. Silver. Greekierei ci California... . lant 32 57 110 
Deer Se Diver Creckers © rl eto California... . 7 sales | 140 315 552 
LA ee Silver Onecare eee C.Alitornialpana: 2A 150 234 417 
VAY SY GROG Se a eee S.F. American River..... California... . 2 sl 200 2h 594 
[lo Deh rn . Stanislaus River......... California... . 4 H 77 189 400 
City and County of Tuolumne River......... California... . 8 H 267 1,411 1, 636 
San Francisco. 
Merced Irrigation Merced" Riverre 2 es: California... . ada gl 75 214 350 
District. 
SPD SE DanelUis reek i facisc As 4). California... . 8 HPS 21 119 Its 
Oroville-Wyandotte bi sFeather River... 6... California... . os! 85 265 335 
Irrigation District. 
Minor Hydro: 
Een Grn Qce Bi Ao cio os ware NiATIOUS hewn a ae: California... . 5 el 168 867 1, 184 
LSS 5 PC AT IOUGW coh At fh, ich oe x California. ... 1050 a3 190 398 
Morey. GnOsLCSOUl CCS ware ee PEE PN ane eah ores yatta nani ty scee git aos BNL OS AE Sia ee 5,794 17,466 VA G337/ 
Purchases by PSA 46: 
From Area P 353 1, 504 1, 504 


! H=Hydro, HPS = Pumped Storage Plant, H-HPS = Combination Conventional and Pumped Storage Hydro. 
2 Summation of capability of all units at time of peak demand. 


III-3-133 


TABLE 3-5 


Generation Resources for West Region as of 1970 (Base Year) 


Location Capability—M W Thermal units 
Project name Unit Type ? — 
City State No.! Unit(s) 2 Project 4 Source of water supply Cooling 
method 5 
Thermal resourcesin PSA 
47 and 48: 
ETIGIN aa enees San Diego ae California____- 1-32ee oe GAOT) GSTs wees ee eee 461 Pacific Ocean___-_--_--_- OT 
SouthiBay2ee-s-2eeos San Diego.2.2 eos California ___- 1-3 GAOT. ees 531 Pacific Ocean___--22-- oT 
Harbor 2 Wilmington@=2ss2-==2= California____- pie ee (DA ODS ag er ee 355 Pacific Ocean_.._.-... OF 
Eluntingtonee-ss= = Huntington Beach _... California-_---- Ue so Se GAOT | GSieenee ee 990| Pacific Ocean ease Om 
Haynessess =e eee Seal Beach.----------- California ---_- NOs ehe- GAOT ge weerase a eanee 1,580 Pacific Ocean________- OT 
Redondose sees Redondo Beach-_-_-_--- California ___-_- {- Sanam GAOT is ssa nee 1,602" Pacific: Oceanaas=eaaae OT 
Longs Beach ee sae Tong Beach: ---------- California__--_- 1021 SGAOT 212° Pacific Ocean==2 225-2040 
WValleyremer meee eee Sun Valle y2=s=e == California ____- 1 GAOT 513 Owens River__.._-___- Cr 
Scattergood__--------- Playa Del Ray-------- California _-__- 1 2 aes GAO ee 312 Pacific Ocean___-___--- OT 
Station Beas: =e SanvDiegors-se: eae California____- 1-52 e2e GAOT Ms OO errr es 99 ..WW.. 22 dec 
Silvergatere: )=-=-e- es SansDiecols sa. se— California__-__- 1-4 eee GA OT ee ee 244 Lown eccn cen se eee 
Alam It OSeee ane eee SealuBeachsa==seessee= California____- 1-7 es GAOT) GSI ess aaa 2,070 Pacific Ocean____-..-.- OT 
ID tiwandaees.==soe= Etiwandaso 5-22 s.2 55 California____- yee GAOL | GST aan 1,025 MWD... Cr 
El Segundo-_ ---- ee HiSegundos2--2222--5 California____- a ae GAOTESM Ao 1,020 Pacific Ocean. —_-2-22 OF 
Mandala ys ee Vienturas sees = see California_____ Se ese (CPMOMMACHSD ee 550 Pacific Ocean______._- OT 
Cool’Water.22-2=-22-=2 Dag gets= ssa ae California_____- 1-25 GAO De Reece 146: Well:c--=22--- =e CT 
San Bernardino__-____- San Bernardino__--__-_- @aliforniaz=s.4 1-222. CAO Tee 130 Local.-22.. 22 eee 
Eig hiGrove:sssassesee Colton’ 2323... Soe California____- 1-4 GAOT, ee ae 164. Localt-.=>-_- CT 
Yu CCA 7. eee cee SUM ANS one See ATIZON asses ae b eee eo GAOT Bees 76: Woells-c-- 22 s=- eee CT 
Secu ard sess eee RediR OCKeas= ate Arizona ssesee 1-2 GEA OM ea eee 250. Wells== 222-255) aee CT 
Ocotillo seenes sneer Tempero 222002 ee Arizong.-.-.2- 1-2 GAOT = 227° Wells_2 2 a Cr 


1 Unit identification. 


?OT=Oil Fired Thermal, GAOT=Gas or Oil Fired Thermal, GOT=Geothermal, N=Nuclear, ND=Nuclear-Desalter, D=Diesel, GST=Gas 


Turbines, GAT=Gas Fired Thermal, CT=Coal Fired Thermal. 
3 Net capability of units—excludes station use. 
4 Summation of capability of all units at time of peak demand. 


5OT=Once through cooling direct from ocean or river, OTP=Once through cooling with cooling ponds, CT=Cooling Towers. 
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TABLE 3-6 


Generation Resources for West Region as of 1970 (Base Year) 


Location Capability—MW Thermal units 
Project name ———— __ Unit Type? 
City ; State No.! Unit(s) * Project 4 Source of water supply Cooling 
method 5 
WOO ha Marmingtones2-2=+2-— New Mexico... 1-5-_----- Clie eines oe =e 2, 2a SUA Ie LVOLr ass OTP 
DOT OUE Cochisers-.. =e = ATIZONGS. 2 cece TRE 2 eee GAVE DS ON Bee oa SB MWCS: 2 shee nis eek (alae 
vine FOneee eee ek IRUeSOnMe. oe aoe ae ATIZONS. 2 4 ae GAOT Dee yn stersea-oe 423 Wells ao ae rae aes OT 
USGI) eee Tenipe:.-. 2 - eae ATIZON Ase cee 16e2) 5: 3 GLACE PTO | FSS e Se ce 108 Irrigation Canal_____._. CT 
Chagie. Os 5 Se a Joseph City... oe ‘Arizona. 2... j a ees CT Seg.) once... -- TGs WV ClIS= 4-88 = foe nee ees Cr 
WAMeOntTOe -a-2--==---26-- Bl Centro. -2-4---2 California____- 1 eee CAOT ee Avant tess 181 Canal 
EN WIG. —— IBLAW10 Veseee eee eee ee aOMniaaess— 1105-2 Deer ie ee eS 36 
CUS, 0 oe East Las Vegas__--_---- Nevada.------ 1-3 ease CCA OT eee 201 Sewage Effluent__- Cr 
Reid: Gardners. 2. =. -=:--- - Moapa. =. eee Nevada______- Leos er 14 2a ee O54 es Wiel ss tose See ox 
Westside Diesel____------- as Vegas. .22ss2.2--* Nevada_---_--- 1-11_-_-- 0 ea gees ty 7, or 29. SNONG 22 ae eee ee Air 
MOR Bullhead City Nevada-_.------ 1 Weep a oe Cn ee eee Ie 790 Colorado River___--_- CT 
(Arizona). 
SADEONOILG 2 8- --eee San Clemente--------- California __-__- Ue See NMI eee ees 450 Pacific Ocean___------- OT 
IDV i cat See Burpanke = eee California -___- I=822-25 GAO a) Sena RD oe 200 eelOcall =: ae eee ee (Ou by 
PaSAdeN ap PR aks s Pasadena_--.--..-.---= ‘California... 1-62 25505 GAOT Nn Metiee t= = 2 <2 230 ne OCHA: eee a Ay 
Cine? Set see Soe Glendale. 22-2. -e California-___- Ni Pee oe GAOT Ei pene. == 148 WMLOcaline see eee cr 
etiiScee meee e ts - 2-58. has Viegas? -25-=- 22. Nevada-_---_--_- 1 AO ee sa 86 Sewage Effluent______. CT 
De Moss-Petrie_--__------- Mucsoneeceaee eo eee = ‘Arizona. --=- i eer CEA OTR ge ecee cece 101s Welisz2. 2052282 oeeee- == (Ga 
Grossi Cute ee = == === TOnmpe:-=22:62 See. Arizona_=_-.-- ICE Ee oO NGA Dia a ee ee 37 Irrigation Canal__.-... CT 
Arian ase ees > s-. Glendale... 2225-2 —-3-- ATIZ0nabe e--= a; 22 2 AT) Sova Pes 8 = 5 Alls Wells: os. .2-= 62 ae CT 
Ja ie ayg8 ee ee a oe Northwestern -_-------- Colorado- - ---- ge, cae (OU nee Po ee eA 150 Artificial Lake__------ CT 
124 Vas) ab. eer oe Bhoenike ote ere Arizona.----- 45; Ozcoe AON ee pecs nee ae AIA Wielis 2232-22 ase = cr 
ieiearour all GE Aca 7, ATG 4S) ache eens eee eee ose Bean oe eae oe en eee ene esaoes 18, 921 


1 Unit identification. 


2 OT=Oil Fired Thermal, GAOT=Gas or Oil Fired Thermal, GOT=Geothermal ,N=Nuclear, ND=Nuclear-Desalter, D=Diesel, GST=Gas 


Turbines, GAT=Gas Fired Thermal, CT=Coal Fired Thermal. 
3 Net capability of units—excludes station use. 
4 Summation of capability of all units at, time of peak demand. 


5 OT=Once through cooling direct from ocean or river, OTP=Once through cooling with cooling ponds, CT =Cooling Towers. 
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TABLE 3-7 


Generation Resources for West Region as of 1970 (Base Year) 


Number Capability 
Project name Location—city or river State ofunits Type! mega- 
watts 2 
Hydro resources in PSA 47 and 48: 
BigtCreek «i200 tease 3 sind San Joaquiny423..... dare @aliforniaia. oe 24) PP | 690 
Bishop Hydrozcie (SPs Peat Bishop Greeki isto. Sock ae California...... 1L6e0 a2 
Dry Cany On Guar. oe eer: Aquaduct: # tm. Sa een eee California...... es! 12 
HOOVES 5 = aceite tna ORR © aerin Colorado. Sons ocr ee INEVACIOENG 61s 5 2 Sie ik? del 1345 
In OD ec yGohcuars sucka ey ou ene Winterhavenae serene California...... 6 H 68 
San! EP rancisquito ssa eta Newhalli.. 09% Si. hee soc California...... 8 H 108 
GOre Ct rane Sune caer ene OWenS 37... ere ee moe California... 72% Su ls! 113 
Basegl ydr oy eaten eg VarlOUS a ceca oy ee ee G@alhiforniame ane ie) dail 100 
Davis a5..ej0 a ea es ee: Colorado... meds. hac California a. cere eee H 223 
Glen Canyon.-92- eee a eed Colorado... 2842... AE Galifomia ..... iy seen H 450 
Parkertn Got ee ere @olorados 2s eer tae @Galifornias:s.cc=c ee H 120 
Stewart VEG te Seeger age oe SaltyvRivericn scare sae PRBVIO OW Soe i Ib dal 1 
Cross: Cut. test) ee 8h cas Cross Cut) Canales eee Arizona... 4ssoe sl 4 
IROOSEVE] ER wick ce ME eee) ccna SalttRiver: “hash coer or A¥IZONG s oo coec8 3. Ek 24. 
iElorsesMiesat eee a oe, ca eee Salt"River. 2 see oe erat: ATIZONA a eee a lel 34 
Mormon Platsanan es keer eer Salt URiverienrs sapere IATAZOUan eee dm 13 
Total hydro (PSA 47 and 48)... 3.065.050. 525445 See + ea) 8 eaen Soe en ee 3371 
Purchased by PSA 47 and 48: 
From aréa Pie 22ers SRT EET aS Th ete a ey ane ee Ce ee 1101 
Sales by PSA 48 3: 
To PSA 415-65 mw by roi swiss essary sienereusowin, 2s a ions sisi sien ah ona: afrcaiese asker s a0 sicea ty ete: Seas net oes ee rr 
To PSA 39-87 mw hydro and 316 mw thermals.% cic octet ecuetatis serene etre eee 468 


1H=Hydro, HPS= Pumped Storage Plant, H-HPS=Combination Conventional and Pumped Storage Hydro. 


2 Summation of capability of all units at time of peak demand. 
3 Kither firm power or contractual arrangement involving a specific project. 
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TABLE 3-8 


Generation Resources for West Region as of 1980 (Additions and Deductions Following 1970) 


Location Capability—mw 
: Unit Type? 
Stream (if hydro); State No. ! Unit(s) 3 Project 4 
City (if thermal) 


Project name 


Thermal resources in PSA 46: 


OSS Lea ls DUye . irerecitic Aces s California.... 5, 6, 7,8, GOT 450 529 
9, 10, 
aes. 
and 13. 
Diablo Canyon........... San Luis Obispo......... California.... 1 and 2... N 220 2, 120 
SOG Yes: 3 26 i a DACTAIMENUOL 2 Pe nas, hecAee California.... 1,2, and N 2, 400 2, 400 
3 
CS San Francisco Bay Area.. California.... 1, 2, and N 3, 180 3, 180 
3s 
San Francisco Conven- San Francisco Bay Area.. California....1........ GAOT S25 325 
tional. 
OOO HIOM Es, 5 5 cued a above savera.s BOIMMALENA 1 ...hlncie taku California A ccs rorese N 1, 060 1, 060 
SS San Francisco Bay Area.. California.... 1 and 2... N 220 25120 
sic! 0) | SOUth I Coasth kh nos, see Californiatans1 ...'... 2S N 1, 060 1, 060 
@OaklanGd re vaeonyca. ica hat @akland ater scchucs seen California.... 1,3, and GAOT (—102) 0 
4. 
tumatersmeOmt. .ckeloe de ners Sanelrancisc Onna ie Californianewnsl-nre ee GAOT (—42) 376 
Pee cenurchil sets. srt ee VERIO DOM Yc. seer Nevaday ees... 2,3,and GAOT 330 440 
4. 
(fe DS DAN KSP ew ceatat ucinens pdeveusn Nevadasa.«34 3and4.. GAOT 500 587 
(SUS 2 ong 9 emo sen Cena bamamet rm toon terete ca 9 arn iat kn ar ee a are ae a 13, 401 


1 Unit identification or number of hydro units at site. 

? H=Hydro, HPS=Pumped Storage Plant, H-HPS=Combination Conventional and Pumped Storage Hydro, GAT 
=Gas Fired Thermal, CT =Coal Fired Thermal, OT =Oil Fired Thermal, GAOT =Gas or Oil Fired Thermal, GOT 
= Geothermal, N=Nuclear, NB=Nuclear Breeder, ND =Nuclear Desalter, D = Diesel, GST =Gas Turbines. 

° Change in net capability of units. For hydro units, capability at time of peak demand (adverse water conditions). 

* Summation of capability of all units at time of peak demand. 
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TABLE 3-9 


Generation Resources for West Region as of 1980 (Additions and Deductions Following 1970) 


Location 


Capability—mw Hydro energy 


Project name Unit Type? (million kwh) ° 
Stream (if hydro); State No.! Unit(s)? Project 1 ————_—3 aa 

City (if thermal) Adverse Median 

Hydro Resources in 
PSA 46: 
45 
Don Ledrousseere Tuolumne River... California.... 3 units... H 132 132 310 581 
POONA 05.5 0.0 > od N.F. American Galiforniay. 4.3) Units. nee 300 300 isi) 424 
River. 
Melones. #4... ... Stanislaud.. ne. Californiagtde ? unit... 137 150 354 419 
Nashville... 3... Consumnes....... California.... 2 units... H 20 20 40 74 
Robbs Peak...... Silver Creek...... California nee ol Unite wnee 17 25 0 0 
Loon Lake....... S.F. Rubicon Californial alunite 80 80 al 90 
River. 
INMarysvalllemrr re WANS eS RUN! ..6 65 505 Californiay. 4 Luumites att 50 50 150 250 
Northern Cali- Various ae.-5 ee California asin. 2 Unltss an id 150 150 396 396 
fornia—coastal. 
Sai tiseeie ene San Luis Creek.... California.... 8 units... HPS 85 106 192 192 
Minor Hydro: 
Pies Qe ee i le SF UE) DAT CT ene eee eet (—13) (—13) (—48) (—102) 
Od ole eel ee a AD NINE PRENME II oes onc ola et A PO MNO IDI oto os oF o cnc (—19) (—19) (—65) (—190) 
J ett) ee en Me EE ee SOM. Leer toler romeo encrd merc. Grate aN S 939 ido naeeere ool 7/ QaNS4 
Purchases by PSA 46: 

| eae) a0 me esl eee ee ee en ee een Pe eet ent dtc Ce cinlihG Cio o Wiad Soe 47 400 847 847 


1 Unit identification or number of hydro units at site. 

2 H=Hydro, HPS=Pumped Storage Plant, H-HPS = Combination Conventional & Pumped Storage Hydro, GAT= 
Gas Fired Thermal, CT = Coal Fired Thermal, OT = Oil Fired Thermal, GAOT = Gas or Oil Fired Thermal, GOT = Geo- 
thermal N=Nuclear, NB=Nuclear Breeder, ND = Nuclear Desalter, D = Diesel, GST =Gas Turbines. 

3 Change in net capability of units. For hydro units, capability at time of peak demand (adverse water conditions). 

4 Summation of capability of all units at time of peak demand. 

5 Energy associated with change in capability. 
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TABLE 3-10 


Generation Resources for West Region as of 1980 (Additions and Deductions Following 1970) 


i Location Capability—(mw) 
Project name : Unit No.! Type? 
Stream (if hydro); State Unit(s)? Project‘ 

City (if thermal) 


Thermal resources in PSA 47 and 


48: 
BTA OOE Eo hoc Sek b oN as es WWI CONE. Reet nosietct Californian 526. 15.5% «1s GAOT (355) 0 
OTS SEE GIR Seine 5 Sek Ore a ee <n New Mexico.. | and 2.... CT 2, 100 2, 100 
OLS oh Aaa Bullhead City (Ariz.).... Nevada....... Sie Wie oe CT 790 1, 580 
WnmoncdeBeachie eis. . a. Salltan@ larageere eee Californias sa. lies: Speier GAOT 790 790 
“Linginaaell TD, 3.8 sede oe occurs St ection At er California.... 1 and 2.... GAOT 2, 090 2, 090 
bel SOs i res Huntington Beach....... California..... Ne deck ene ND 1, 970 1, 970 
Oa Oe outs SNe aR SO a ta on Calitonniane ae leands2aen es Gil 1, 580 1, 580 
OOS Ft Oe AG a ald deere ta ee a ne California..... Lee yeas A aoe 1, 050 1, 050 
MUR ve rarin omer PUMP SR se Rew BM wk Meese 4 rower atree und nemGhaeew' California... Dand 2.42, 0N 2, 000 2, 000 
Bihesinal lire eee Cree ees coos fe ees Inlancdeeee eee Nass Sie suet CT 2370 2, 370 
oC NARI OMS oot Sed Burd ar INVIZODA ANG! wc a 4 es D 100 100 
California. 
GraSmIEUEDINES yy. tre yc =e ° WATIOUS Ramee re Renin are Arizona and 11 units... GST be IO Te ie i A as ed 
California. 
once DCaChiry Se etic tanh: oc Ionge beaches California.... 10and11.. GAOT (Qi) 0 
OE PT Sar Ee Soho SEY BS yk bis es sol oes Arizona and | Spescircormesroioees GAOT 800 800 
Nevada. 
LG a a WAS) ViEWAS crass ee ecle o6"s Nevada. Paps os Sel ae GAOT 120 206 
Reid Gardner....... Moapaare foto aes Nevada: .0.... et coe GAOT 150 404 
ee Eye by a Fave lay ey ae age INewiNlexicoer a5 2,10" sar CT 960 960 
ee I I re Py eS Beis il dee) oA norcl onsie WT seco QE anslite Hace ES Saonda’ WA TAUIN s dane oes 


1 Unit identification or number of hydro units at site. 

2H=Hydro, HPS=Pumped Storage Plant, H-HPS=Combination Conventional and Pumped Storage Hydro, 
GAT = Gas Fired Thermal, CT = Coal Fired Thermal, OT = Oil Fired Thermal, GAOT = Gas or Oil Fired Thermal, GOT = 
Geothermal, N=Nuclear, NB=Nuclear Breeder, ND=Nuclear Desalter, D=Diesel, GST=Gas Turbines. 

3 Change in net capability of units. For hydro units, capability at time of peak demand (adverse water conditions). 

4 Summation of capability of all units at time of peak demand. 
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TABLE 3-11 


Generation Resources for West Region as of 1980 (Additions and Deductions Following 1970) 


Location Capability (mw) 
Project name Unit Type? == 
Stream (if hydro); State No.! Unit(s)* Project‘ 
City (if thermal) 


Hydro Resources In PSA 47 and 48: 


Castales 22 2c sie eesiere wets State Aqueduct.......... California.... 4 H-HPS 747 747 
Pumped ‘Storage. S520iat - saacd cuore: ccc ee eee hncae Californiannn it HPS 1, 000 1, 000 
Glen Canyon. 2. fe 3.n oer Colo. Riversne ee eee INTIZON Aca ae tery eee H 450 900 
soc | (ee Ar EEO Fe 5 UR So co Fiat oo HCO IR OR oc 25197 
Purchase By PSA 47 and 48: 
EromsAreal Piicis.cce oe ene Ree ICR ChE a cins AROS PRR RACORIE BTS eel etna te tee 13399 2, 500 


Sales by PSA 48: ® 
To PSA 41—52 mw hydro. 
To PSAG39=—634 mwatherimal s. Lupa ec or ae eerste ote teh tor ee ek rare a eal ee 686 1154 


1 Unit identification or number of hydro units at site. 

2 H=Hydro, HPS= Pumped Storage Plant, H-HPS = Combination Conventional and Pumped Storage Hydro, GAT = 
Gas Fired Thermal, CT = Coal Fired Thermal, OT = Oil Fired Thermal, GAOT =Gas or Oil Fired Thermal, GOT = Geo- 
thermal, N= Nuclear, NB= Nuclear Breeder, ND = Nuclear Desalter, D= Diesel, GST = Gas Turbines. 

3 Change in net capability of units. For hydro units, capability at time of peak demand (adverse water conditions). 

4 Summation of capability of all units at time of peak demand. 

5 Either firm power or contractural arrangement involving a specific project. 
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TABLE 3-12 


Generation Resources for West Region as of 1990 (Additions and Deductions Following 1980) 


P 0; Location Capability—mw 
Project name ——————— oe ——— Unit Type 2 —£ ——_—___——_ 
Stream (if hydro); State No. ! Unit(s) 3 Project 4 


City (if thermal) 


Thermal resources in PSA 46: 


MRE CEES RSE uls 6s sore acs Lealdsbuntwprta ate rat iene California.... 14, 15,16, GOT 250 779 
L718: 

IOLA RO):,. of steerer een mae SanelranciscOneranin ae era ae California.... 1 and 2.. GAOT (—117) 204 
S.F. Conventional....... San Francisco Bay Area...... California...» 2, 3:5)": GAOT 650 979 
MiTyerinal Ay cih. 65 ee cesses South@@oastan0e 02 2 asta @alifouniageen 25 eee N LOGO Cae Ar. 
3 and 4.. N 3, 000 ae 20) 
PNerimal orev as acs Southa@oastsctrt aco et ae Californian... 12-3 N 3, 000 3, 000 
PUDULDAN ee aac tee San Francisco Bay Area...... Cahtorita gn. ch" Se oa. 5 N 1 OOO PAA Mie cies 
455087 IN 6, 000 9, 180 
DY, eee reer San Francisco Bay Area...... California.... 4,5,6.... N edb Ha Sena S 
| Se Ae ie N 1, 500 7, 830 
INFENGOCINO ms ner mc 5 dc 0% RomnteArenasenea Gueon tees. Californian eonere N 3, 000 4, 060 
Peaking Thermal........ San Francisco Bay Area...... California.... 4 units... GST BOON SIE S. 350 
Sunits. 2. _GsL 155300 1, 750 
STGC Eo i 5 ENE ee INOts KNOWN). teens oe oe INevadaneea= 1 and 2.. CT C002. <n aeons 
3,4,and COT 1, 500 2, 100 

a ee 
(TE on a geod tonne tiie Greeks. ol6ls 6 ends a iu ie he nr PR gee a 26,403 hrs F.2d oe 


1 Unit identification or number of hydro units at site. 

2 H=Hydro, HPS= Pumped Storage Plant, H-HPS = Combination Conventional and Pumped Storage Hydro, GAT = 
Gas Fired Thermal, CT = Coal Fired Thermal, OT = Oil Fired Thermal, GAOT =Gas or Oil Fired Thermal, GOT = Geo- 
thermal, N= Nuclear, NB= Nuclear Breeder, ND =Nuclear Desalter, D = Diesel, GST = Gas Turbines. 

3 Change in net capability of units. For hydro units, capability at time of peak demand (adverse water conditions). 

4 Summation of capability of all units at time of peak demand. 
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TABLE 3~13 


Generation Resources for West Region as of 1990 (Additions and Deductions Following 1980) 


Location 


Capability—mw Hydro energy 


Project name Unit Type 2 —————————— (million kwh)5 
Stream (if hydro); State No.! Unit(s)* Project* ——____—_ a 
City (if thermal) Adverse Median 
Hydro resources in PSA 46: 
Hydro Pumped Northern Cali- California.. 4 units. HPS 1000 1000 (—188) (—188) 
Storage 1. fornia. 
Northern California Northern Cali- Galiforniaeese erie H 1500 1650 3940 3940 
Coastal. fornia. 
Elydro Wie bs. ae Stanislaus River... California.......... H 170 170 440 580 
Hydro Pumped Central Cali- California... 4 units. HPS 1000 1000 (—188) (—188) 
Storage 2. fornia. 
Auburn yer ace N.F. American California... 4 units. H 100 400 0 0 
River. 
Ae lth en a ee eer. ten aoe enc Somos no.4o6.00.0 56 S10 co cirtoree 4004 4144 


Purchases by PSA 46: 
From Area P 


BS CA I Oo Len DEE OR DU a Manado oOo GMb ROO U 700 1100 (—3597) (—3597) 


1 Unit identification or number of hydro units at site. 


2 H=Hydro, HPS=Pumped Storage Plant, H-HPS=Combination Conventional and Pumped Storage Hydro, 
GAT =Gas Fired Thermal, CT =Coal Fired Thermal, OT=Oil Fired Thermal, GAOT=Gas or Oil Fired Thermal, 
GOT =Geothermal, N=Nuclear, NB=Nuclear Breeder, ND =Nuclear Desalter, D = Diesel, GST =Gas Turbines. 

3 Change in net capability of units. For hydro units, capability at time of peak demand (adverse water conditions). 

4 Summation of capability of all units at time of peak demand. 


5 Energy associated with change in capability. 
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TABLE 3-14 


Generation Resources for West Region as of 1990 (Additions and Deductions Following 1980) 


y Location Capability (mw) 
Project name = Unit Type 
Stream (if hydro); State number Unit(s) Project 
City (if thermal); 1 3 4 
Thermal resources in PSA 47 and 
48: 
Bperital ay. 1.15.51. s cee ta OAStAS ayte rome 1 is Saas Califormiay a. 3. ae ss5 N I SOO sence eric 
4and5..N 3, 100 6, 490 
ME PESAN DS oo. 5) Sen ve en ya @oastalen erent eka te Californias.) 24 5; 45.25 IN Aho 4, 200 
Perera Ch ot fe ee DOuth Coase. jo. a2 ns California... 1 and 2’. N PIES. V0 i say Ree 
SNS N 4, 500 7, 000 
Erase OTDINES. ee ae es WVATIOUS eee ois te mn Californias "8.152. 2t- GST it 55 Vets tn PRR 
Arizona, 
and Nevada. 
PC OASE Hc. Fs eb ne has ss GEO DOC sete any Suan Piva, California.... 1-4...... N 6, 000 6, 000 
CRMs th Pe ee sy Bast tats V Cease fact sok. s evar Le ot. La i Aree GAOT (51) 150 
7a ee TAL IT ea i Pe Inland eae US 20134e SCP 5, 200 5, 200 
MR MMALIE ee eee eee thik ph valhwie oa hbk California? > 53 °1=35.2..5.' N 3150 3 HG 
EZHOCDINE PME ee Rt eS Phoenix serie Anes Arizona...... 28) Oy, On 555 (EYNOME (111) 0 
HNC OMG Oya e ere es oe ies haces edondo Beach. 4. +), California. ¢;.°1, 2,°3,-4.-GAOT (295) 1, 307 
Pecammicesel 6 oe VEATIOUIS pds co em INGVANOL ANIC Ss 5ogea0n0e D 100 100 
California. 
Perera aie re RTI esto Dates 1.).8a eee Californias of." I-65 N 8, 000 8, 000 
1 TST Ot Ieee ak Ro Undésignated.......:... PATIZONAR nee Lene ee N 1, 000 1, 000 
TONG GT ui IN eli wrap a Via TLOUSE Mn eee aot are Arizona and 2-3...... GAOT 1, 000 1, 800 
Nevada. 
A al 94 Ons Aacnstale otter, 
Hydro resources in PSA 47 and 48: 
ECO Gn en lated Ria State Naueduct-.. 55.555 Carnpritia. Aa s2) 5s eee 1 hes! 2 Urs: 460 | bear bed 
EOLA Cn es ener Met es wh Lona @aliforniae. =. 4:25 j<c28 HPS 1, 000 1, 000 
MBBDECEsIOLAGG Dore et a eo eee Caltornian, oe 4 ore HPS 1, 000 1, 000 
DSHS SE Shy a rec gin etic a NOE a LP Sak H 15 15 
eer eh: er eee see ee a merch gered un lelahite oo at) YAS: OAD en, Beaters > eae 


1 Unit identification or number of hydro units at site. 


? H=Hydro, HPS= Pumped Storage Plant, H-HPS= Combination Conventional and Pumped Storage Hydro, GAT = 
Gas Fired Thermal, CT = Coal Fired Thermal, OT = Oil Fired Thermal, GAOT =Gas or Oil Fired Thermal, GOT = Geo- 


thermal, N= Nuclear, NB=Nuclear Breeder, ND = Nuclear Desalter, D = Diesel, GST =Gas Turbines. 


* Change in net capability of units. For hydro units, capability at time of peak demand (adverse water conditions). 


* Summation of capability of all units at time of peak demand. 
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TABLE 4 


Area N Resource Summary 


1970 
I. Peak demand (Mw): 
PSA AG rr lee nn oh en eee enn eae 11, 200 
PSA’ 47 v2 solace add Sree bead 2 eg ee eae eee eed eee 13, 300 
PSAAS EER Fo sete tess sre sieuciotteno a tre ene cee meee ee nee anaie 4, 490 
Potalt: osc 5 ees Se ie See ies eee ee 28, 990 
II. Capacity resources 

Hydro: ? Mw 
Conventional 3.13 soe ee ee een te eerie 9, 144 
Pumped storagery.. 54s = sees son a heieteege See ee te P| 
Total nose nice eee ee Ae enn ecm Retort 9, 165 

Thermal: 

Gas‘and’ Olle 4 5 as ee ec ee PAL Sy) 
Goals ioe 23 GNSS cee eT 7 Faas Ree 3) BPS) 
INuCleartscoe ee Beco tas Uc eect 500 
Gas turbinewo65 oo eA esos 6 eee Poe ee er 679 
Diesels i..cey Ae os i eatin ne eee eee 165 
Geothermalicaiss «ose cocker eka re. 79 
Total tps Jae > ort ye eet eee 26, 273 
Purchases fromotherses-c- ee eee oe eee 1, 454 
Salesito ‘others. ees tooen oo Cent ceo Siecks meres ote oe 468 
Total résources?sc.).. 2+ We) Pad ee ee ee eens 36, 424 
III. Gross Margin——Capacity resources in excess of peak demand. . 7, 524 
[V., Maintenance attime of peaker errr en tiered ett tte na 338 
V.. Net margin at timesofypeak... 2... 2. 2 ses eee $2 ees 7, 186(4) 
Percent of peak demandiiig. 6 cs... es +s geet = 249 


1980 


10, 052 
16. 4 


1 FPC Load Forecasts of February 1968. 
2 Capacity for Month of Peak Demand Assuming Adverse Hydro Conditions. 
3 Includes Combined Conventional and Pumped Storage Projects. 


1990 


51, 600 
55, 000 
20, 600 


127, 200 


Mw 
13, 440 
5, 106 


18, 546 


26, 791 
18, 629 
72, 530 
6, 310 
365 
779 


125, 404 
3, 600 
1, 154 

146, 396 

19, 196 
0 

19, 196 
15.1 


4 This margin results from using the FPC load forecast in combination with firm resource commitments. The FPC load 
forecast is lower than that predicted by utility companies involved and, therefore, results in a margin considerably greater 


than actually expected. 


III-3-144 


TABLE 5—1 


Generation Resources for West Region as of 1970 (Base Year) 


Thermal units 


; Location Capa- 
RCN fe ee ee Unit Type? bility—mw Source of Cooling 
City State No. ! project? water supply method 4 


Thermal resources in PSA 31 and 32: 


mrapahoe.:. ...... iDenvers waren Colorado... 1,2,3,4 GAT, CT 240 Wells and South CT 
Platte River. 
ZAG OI Soe eee Denverseeee re Colorado... 2a GAOT, 107 South Platte cT 
CT River. 
GCherokee.......... IDIOMS so sn one ac Colorado... 1,2, 3,4 GAT, CT 724 South Platte CT 
River. 
Walmonter)..614 Denverwaa er Colorado... 1,2,3,4,5 GAT, CT 300 Boulder Creek... OTP (lake) 
PrAvOen «dec... 5. Hayden: jac:cn 55 Colorado. .. for 160 Yampa River... CT 
IN(OEN, eel ee INGCl AS coor Colorado... Nee eh (CAE 39 San Miguel OTP 
River. 
AINE ORs oes 5 vs Gameosnneee ren Colorado... 2 (GAM Gik 70 Colorado OT 
a River. 
PDIMAS. 62s... Farmington..... NCW: PAD sek fos so he CT 31 
Mexico. 
Wrakennes vc: Colorado Colorado. ..1, 2, 3,4,5,6 GAT, CT 151 South Platte CT 
Springs. River. 
Birdsdale....... Colorado Colorado... i es) (Ce (Oak 57 South Platte CT 
Springs. River. 
IpueD loner ir LUCDION sina Colorado... 4,5,6 GAT, CT 35 Arkansas River.. CT 
or Canon City..... Colorado... ee OL Sle Arkansas RIVCt veers co eke 
Mlamosay sre «4. «: Alamosa........ Colorado... 3,4,5,6 GAOT, 21 Rio Grande CT 
CT River. 
Dave Johnston.. Glenrock....... Wyoming... 2,5 Ga 444 North Platte OTP 
River. 
Scotts Bluff..... Scotts Bluff..... Nebraska saree weaned oun eis 44 
Be eee esa TANT SAW) eatery aot: ge can SORES Ge gk te Ga Aeard oawes 242 
Ditotal thermal OA GIANG O22 os piss dase a ae ane gy oh sok 4p 2, 706 


| 1 Unit identification 
2 OT=Oil Fired Thermal, GAOT=Gas or Oil Fired Thermal, GOT = Geothermal, N=Nuclear, ND=Nuclear De- 
salter, D= Diesel, GST = Gas Turbines, GAT = Gas Fired Thermal, CT = Coal Fired Thermal. 
3 Summation of capability of all units of time of peak demand. 
| * OT=once through cooling direct from river, OTP = once through cooling with cooling ponds, CT =cooling towers. 
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Generation Resources for West Region as of 1970 (Base Year) 


TABLE 5-2, 5-3 


Capa- Hydro energy 
Project name Location stream State Number Type! bility 2 (million et: 
of units mega- 
watts Adverse Median 
Hydro Resources in PSA 31 and 32: 
WallianaseF orke ee ee ee Williams Fork....... Colorado yea eee H 3 
Green Mountain........ BlucHRiver eer Colorado... Jat 26 
Marysdlakes «cc oxet mace (Oy aie gk fencae cele Ce Colorado... i Tel 9 
EStes animate eces ee Cie Aires notices: 5 ¢ Colorado... 3 1s! 54 
ivsiledahiVle. Mawes ao oes (8) wrens: 5 acral Colorado... i Jel 35 
BlAtironannurton Riese (2) eather cere omer Colorado... 3) lal 82 
Bio Lhompsone. 4-9 (2) amas had eho era Colorado... | Val 5 
Seminoes eye ceria North Platte River... Wyoming... 3} gl 39 
Tortes ten. rncta skeet. North Platte River... Wyoming... oe Te! 40 
Fremont Canyon........ North Platte River... Wyoming... Dsl 48 1, 497 1, 602 
Al COV ares eee North Platte River... Wyoming... 2 Jel 40 
Glond6 in. So. actieecnes North Platte River... Wyoming... Ae | 15 
GUCENSCY cea eat > + ayy Da North Platte River... Wyoming... 2 Ft 6 
Shoshone sare waar Shoshone River...... Wyoming... 33 Jel 6 
Heart Mountain. .2.2.4- Shoshone River...... Wyoming... ieee! 7 
Boys@itins.... «ta oe one Wind, River. was rau Wyoming... 2 att 16 
Pilot Buttes na. cane Wind Rivers. coos. Wyoming... 2 2 
Lower Molina 2.0 be vai Plateau Creekons 1-5 Colorado... | .H 5 40 66 
Upper Molina occ oceans ap Plateau Creek. nn). 1: Colorado... Iai 9 
BluciMiesare eee Gunnison River..... Colorado... 2. Et 60 170 283 
Morrow, Point. assee Gunnison River..... Colorado... Wy Isl 120 264 402 
Pontenelle eerie Green River). a. Wyoming... 1 H 10 13 55 
BouldemCany nts cei: Boulder ‘Creek. . atny.s. Colorado... 27 id 20 20 40 
Cabin Creek.) aun Clear Creek... ~. Colorado. «. 2 HPS 324 —40 —40 
SHoshoneane acho ee eae Colorado River . Colorado... De Ae 13 100 100 
Palisades on sects rreaerae: Colorado River...... Colorado... 25H 3 15 20 
Iedlandstaee ac . Colorado River...... Colorado... ji del 1 
a BAGO ee eis Cee Animas River....... Colorado... 12a EL 8 
BAUER es ws cinseaaeo etm roth iia San Miguel River.... Colorado... ge = 4 450 475 
Maintou Spring......... Fountain Creek..... 2 SJOLOFAGO «niger arene H 5 
SirawDercy eee eee Salt River sass Wiyomintcm- se irrr H i 
Mirior: (less thar: WV aw:)) aside sevrnca oly ace Ae bres se ote rT ae ee ee etc 6 
Subtotal:hiydro’ PSA “Sitandso2 on oes Sec dare ee once at ee carrera ens an ae 1022 2A 29 2, 603 


1 H=Hydro, HPS=Pump Storage Plant, H-HPS = Combination Conventional and Pumped Storage Hydro. 


2 Summation of capability of all units at time of peak demand. 
3 These plants are located along the eastern slopes of the Rocky Mountains on a transmountain diversion of water from 
the headwaters of the Colorado River to the South Platte River. 
4 Energy figures not available. Values shown are estimated. 
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TABLE 5-4 


Generation Resources for West Region as of 1980 (Additions and Deductions Following 1970) 


Location Capability—mw Hydro energy 
Project name Unit Types... (million kwh) 
Stream (if hydro); State No. RECS ee O;C Cts 
City (if thermal) Adverse Median 
Thermal resources 
PSA 31 and 32: 
HortsteVrainwcess Platteville... >... Colorado... 1 N 330 301 U epimers och orGka cl che ham 
ENC es eS oo 2. 2 or 2a Colorado... L2eGAT, Cr 700 TOON iain Cesrtecmme sete E foo 33 
LOrrassioned steer «10 ee Pas shh Colorado... P2aGATS CL 700 LOO! Se, eo pee ene 
Winassiomed ara Mente ats cake ayer. wees Colorado... LACE 500 DOO heater ess os 
Davejonnston..2, Glenrock:........ Wyoming... 4 CT 330 Ded Bricstn fe Sic tnoe chayere te eas 
Rorassioned sense anne ae se OREO eee a NV VOU oe eee CT 500 OOM aio ticcyeer anger acest eles 
Sora lctherimalmee terrae ier s ase eee ooo wis OA A SRE ee eee SMOG0: Wanslnkc seo 6 OIL ess ale 
PSA 31 and 
32. 
Hydro resources PSA 
31 and 32: 
ee ysral oe ow sk Gunnisons.3) 2a Colorado... owe = | 28 28 133 168 
YS 4 Trans Mount Colorado... 1 H-HPS 100 100 153 153 
Diversion (near 
Leadville, 
Colo.). 
@terove ses hss: Trans Mount Colorado... Ly kl 11 11 17, iW, 
Diversion (near 
Leadville, 
Colo.). 
ee UNE 60k CoM es tac Nan tan Jeo sys clits fers itches noua Eas ges. Boho Mee erm redate 303 338 
PSA 31 and 
By. 
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TABLE 5-5 


Generation Resources for West Region as of 1990 (Additions and Deductions Following 1980) 


Location 


Capability—mw 


Hydro energy 
h) 


Project name Unit Type (million kw 
Stream (if hydro); State No. Unit(s) Project ————__ = 
city (if thermal) Adverse Median 
Thermal resources 
PSA 31 and 32: 
Whnassigneds «5 xinc x x50. eeieg oie te Colorado... 2 <Car 1, 000 1, 000.0. . Se eee 
Unassigned inst 86 355% Peer tree, omar: Colorado... 1S2eGi 1, 000 1, O00. 22% i. ae 
Wnaseigned + s..cttes<-cgneticss Sos. cree Colorado... 1 NorCT 1, 000 1, 000 «25 
Unassigned .04. foe. cus oP ete oe Colorado... 1 NorCT 1, 000 1, 000... eee 
Unassigned) 22)... 09ers = es a Wyoming i, (ear 850 850... eee 
or West- 
ern Ne- 
braska. 
Unassigned: :24 20924305 ee a ee Wyoming... 1 GL 500 500° 2.2. eee 
Unassigted he. «aac, sd. era Wyoming... ea 500 500 2. &.00See a eee 
Total thermal 
PSA 31 and 
32) 5, B50 ca eka Re eee 
Hydro resources 
PSA 31 and 32: 
Elbert............ Trans. Mount Di- Colorado... 2 H-HPS 100 200 153 153 
version. 
skwo!Borkesmaniaae South) Plattes eee Colorado... tel 150 150 150 150 
Total hydro 250 Ree 303 303 


PSA 31 and 32. 
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TABLE 6 


Area O Resource Summary Megawatts 


1970 1980 1990 
I. Peak demand: 
EOS ben ee SO) via ba 1, 570 S200 
et EE ea, See cis Thin REN a Wee Payee ws 2, 130 4, 230 8, 030 
ak aR rer ee esl tree Re aid ine ears dee a alsvq ules Woes idly saw bpbs'e 2, 845 5, 800 11, 180 
II. Capacity resource: 

Hydro: ? 
Glonventionalic mmReree eee ae tierra etn hicks focatopobonts fohiuiara’s 698 837 1, 087 
EVEN OCA. oo o og oe OU Rob Oe CG Od HesiGmdaere tog Oe mo mae 324 324 324 
SEE tal amen Rt Gir gr chs cls-a's lula ole test wtp lot Wales Ws 022 1, 161 1, 411 

Thermal: 
CAStATIC COAL Se mere Ua Met yet oka oho ro els telat ee te io tata. Is S77) 2,977 229717, 
EDTA oe ae MOS Ua a sk ee Oe 715 2, 045 5, 895 
Gee, Gib, cave wee b 3% poo asic ng a aero orn Oo Caer acne 128 128 128 
CDN Sueliebcup cats Glace B das Obey nO 135 135 135 
INC lea eee tree nae ors ceca te fem mete cca taferers Yor ls guia leitaatats (aise ate oes e 330 4525330 
INfiscellaneous memes tae cele cleats © sito yste tate eile ete catia ve halal 151 151 151 
SRE ES D1 6 2 orn oA ae OS rt ee 2, 706 5, 766 11, 616 
Bee WILE OC NET ALCAS casio so) ee sins oF lets als sone «bin eine ele ses 0 0 0 
Total resources..... ik See ee ced Shoe aes ce ae ee ae oa 28 6, 927 13, 027 
ive Viaintenancerar time of peaks. ayes seas a see ere ose we 0 0 0 
SIE ePARGiIN aL Witrie. OF PEAK 6, (5 ona. Bas bce ip os’ dss we see lelieles oes 883 Ll 7 1, 847 


1 FPC Load Forecasts of February 1968. 

2 Capacity for month of peak demand assuming adverse hydro conditions. 

3 Includes combined conventional and pumped Storage projects. 

4 The nuclear additions shown for 1990 could be either coal fired or nuclear plants depending on economics at the 
time of installation. 
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TABLE 7-1 


FPC West Regional Advisory Committee Task Force on Generation—Region P—Resources Existing 
by 1970-71—Power Supply Area 30 


Energy average mw 


January: ——_—__ 
peak Critical Median Ownership 
mw period average 
hydro 
PROJECT—RIVER 
Hungry Horse, South Fork... 1. 0.2602. ssest 203s sigs tease eee ee Zid 185 101 _USBR 
Kerr, Clark Fork? <<. .csstie< Sees s 6 945 oe ory eee ens aed 180 112 123 MPCo 
Thompson Falls, Clark Fork... 200262220 n seu oes sess eset eras 40 35 35 MPCo 
Madison, Madison cy snaveavcrascs oust -teateswterene eked rare ie et eee iat ga 9 7 8 MPCo 
Canyon Ferry, Mos 36 20600. sAMee hoe 66G < Se eee a eee 58 29 46 USBR 
Hauser Lake, Mod .s< 3250+ -8.2 ose o> ee Aa er 16 12 14 MPCo 
Holter, Mo. « ox Ree woo, Se ee er een 49 24 29 MPCo 
Black Eagle, Mois: 22 see cst = ibe oo ries eee ie eee ee 18 14 17 MPCo 
Rainbow, Mo: > fabio 2 wien be eee ec ee are ee = oan ek ae ae 35 29 35 MPCo 
@ochrane, Mo. fides 25 ne See es ree ee 50 24 33 MPCo 
By ad Mongo oats 2s cine Reade eke Shecehoge ee es i erga 60 42 53 MPCo 
Morony,, Mo. 2. bgstss oc 0 «ein © pee pete ke cake eee ee ee 49 29 33. MPCo 
Bits Bethe 5 Mi0 say. sec.cahp tenes ep aoe er one ceva evan et ote i aie ce 200 D7. 100 Corps of E. 
Mystic Lake, Rosebud 3.7. . 2: . AM Se vee eee wee ie eee 12 7 6 MPCo 
Yellowtail; Bie Hlornce. 2.5.27 fp oii or as Se ee 250 108 126 USBR 
Minor plants. 295 ge cao as Saree fee ier eo ieee Eee 4 3 3 MPCo 
2 
"Total hydrot, 3. oc ie <egec ae 4ie eee tee er 15.301 73 762 
STEAM PLANTS—LOCATION 
Bird. Billimes? (usc sore oes eae aie Oe ee eee oe ee 66 60 60 MPCo 
Billings Unit No. 2, Billings sso on case 0 eerie ear nr eee 180 144 144 MPCo 
‘Totalstearie | eer eee ee ets eee eee amet er etek ree Nel ate 246 204 204 
Total: resources: «9-0 ret ae ee Oe ee Eee 1, 547 957 966 
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TABLE 7-2 


WRAC Generation Task Force PSA 30 (Montana) Estimated Resources 


1970 1980 1990 


Peak Average Peak Average Peak Average 


Hydro: 
Committed: 


MBNIANSOD SAMS 6). (ere okay aia) ol hse ee iehs «nes 
INGLE TCs ane cristata tS. CRCRRn Ce IEC SHOR re ene Reem 
Gary ONG eLEy cer loys = mite iets eae 56.8 tots 
ELAUSCG RI AK GM tie tata ee TO Rete aici cas nce «Sissies s 
1B LORS Ss aerate Qaeda Baltic ale cle Ree eee ee 
LTE lot DES Genes gala ht i so earl Nar aa a 
Wain DOW eee meet etn cicero nets hs creas 


PNAS EAR Care sath Go Siete Baste es gis ocd Oma we 
SV ElLOW Ualll Waa rs a ae re eas ote TP 


Berhtel OPN AINGAS Fe Side (ei sicuse sio) aies ih 6a sO 4s. Aims 
yet lie Hie Re een ee Cee 
SE eg Se I, (ee a 
ROK ANG 6 rector eer d hor Laois © as 3 
Bower PlAtnea ste akca sins ar web in Heres boa ace 
SBSH SS, GNU 8 Se eT gC, See eee 
aA eO ,. epteag. nh ss ss bs 0" ogee ns tis 
SVE SRLS oy On are RE 


Thermal: 
Conventional: 
(Cleraarsatintes ois. og'h Bb eoe Nice eo totter See nena 
IN@mcomirmitted ea sivas creusein vos ees dee ee a 


‘356-240 O—T0—-—28 


271 185 68 97 68 95 

Fer Ruan ee come ee es 216 204 216 200 

180 123 180 123 180 123 

40 35 40 59 40 30 

9 8 9 8 9 8 

58 46 58 46 58 46 

16 14 16 14 16 14 

49 29 49 29 49 29 

18 17 18 17 18 17 

35 35 35 335) 35 35 

50 33 50 33 50 33 

60 53 60 53 60 53 

49 oo 49 33 49 33 

200 100 200 100 200 100 

12 6 12 6 12 6 

250 126 250 126 250 126 

4 3 4 3 4 3 

15301 846 1,314 962 I 956 

By oh Ah abcess cite Pe UE oar pe a ER Byehe) Ree onsrg Siow tie 

DONO GTn 6 Occ tO IO 267 Ue, 267 119 

Oe okies Aan I ae ee Oe 414 115 414 115 

BSG iy he PRS OOS SN EO OED dan Hen een eon t 134 32 

oS Sad OMe Ce a CeO ONS DNS Re See tee RE eer 195 56 

5 So to op Os AE OI SIEND eel cits Ss eee ee iT Ie ee 92 19 

Se ee RRR oe ols usitsrar slo eoapeng sons 120 39 

ee herb. Cid CROW Len ne Oe ORI OMT Io Ree 70 45 

0 0 681 234 1, 631 425 

246 204 246 204 246 204 

Si ay oh RRR oucy sus eas 400 340 2, 000 1, 700 

246 204 646 544 2,246 08 
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TABLE 7-3 


Generation Resources for West Region as of 1970 (Base Year) 


Location Capability (mw) Cooling 
Project name Units Type! ——————————— Water source method? 
City State Units Project 
Thermal resources in 
PSA 41: 
Gadsbyiae cds oa Salt Lake... Utabee ee 3 GAT; 241 241 Jordan River.... CT 
OT; 
CT 
JOrdatiinn.. sens a Salt Lake...... Uh tek Ab 25 25 Jordan River.222 Om 
Haletaye neon Orem Wita haere 22 GATS 64 64 Provo River..... OT 
CT 
Carbone Castle Gate,)... Utah... 2, CE 166 166 Price River... 26 CT 
Naughton........ Kenimeremerr Wyoming... 2 CF 380 380 Hamms Fork.... CT 
Miscellaneous iV arious eae: Utah eye cotter Various 26 26 
small plants. 
Miscellaneous Warious ease Utaha** “22eeeee- Ic 4] 41 
small plants. Idaho See 
Wyo., 
Nev 
Totaless 5.08 Ses 6 on Se eee cies eee ee eee GIST sincera 


1 GAT =Gas Thermal, OT = Oil (Pitch Thermal), CT = Coal Thermal, IC = Internal Combustion. 
2 CT =Cooling Tower, OT = Once Through. 


TABLE 7-4 


Generation Resources for West Region as of 1970 (Base Year) 


Location Capabil- Energy (kwh 10°) 
Project name —_—_—______—————___ Number Type ity mega-° ————___—_ 
Stream State of units watts Adverse Median 
Hydro resources in PSA 41: 

American ballsee-ere eee ec Snakes-eeee Idaho.... a) dal 26 122 146 
Graces seus ae ae eee ee Beara: Idaho 5 H 40 135 85 
Oneida ss oso wth scien eeetene Bear Piss Idaho &} Jel 30 56 63 
Palisad es Mi Pini, o. staays wb teal caters Snakes.eoe5 Idaho. 3..c-eragoeee H 114 41 65 
Upper-salmonaenneri acre Snakes. Idaho.... AE 36 306 313 
WowergSalmon's..- eee ee Snakessn i. Idaho.... 4a rt 66 240 257 
Bliss:ceetcnra io ok ie eee ectoeaee Snake saeer Idaho 4 el 77 349 379 
Cae Steik€. 6 cane se cu aes oe ok Snakew-re: Idaho 3 H 87 457 504 
Brownlee. vow hc man poco ne meeemiee Snakes Idaho 4 H 450 1, 980 2, 689 
Oxbow a..2-- atone Ce iaeeereo ere Snakeseeeen Idaho 4 H 220 909 1, 154 
Hells'Ganyonsaaecar orien ere Snake...... Idaho 3) isl 425 1, 663 Pa Me 
Cutlersisccn ene ocean sie ters Bearer Utah..... oe Agi 29 39 102 
Blaming Gorges ning saisesse acs Greenup Uitahes cn ane ert: H 108 205 452 
Miscellaneous small plants....... Various.s. o) \dahow.eem eee er H 103 122 135 
Miscellancous/smalll plants. 2-V ArlOUS <1 © tay ere rae eeeteeteeee H 57 138 246 
fo) 7.) ee eee eRe A tam) enter Oe b GAT DG.06 dodo. 0s Cowie Ome 1], 868 6, 852 8, 702 


1 USBR Plants in Southern Idaho dedicated to Project Pumping are not included—Minidoka, Anderson Ranch, Black 
Canyon and Boise Diversion. 
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TABLE 7-5 


Generation Resources for West Region as of 1980 and 1990 


_ Location Capability (mw) Cooling 
Project name —_—_—_—_—_—_—_———— Units Type --—————___——Y Water source method 
City State Units Project 
Additional resources in 
service 1970-1980: 
PSA 41: 
Naughton...... Kemmerer...5 Wyomingss....5.... CT 330 710 Hamms Fork Cf 
SGuthecascal italien meee eet i os 5, Fascia yerdies ai, nines ais vimcn ale 1, 500 1, 500 
SOUthwestel Gano meme eer ee se eres oe, Grech oc Seuss Ses eral dw lie'el et ouscte 400 400 
as tennelGalio mapa wire cr eee crear eae a shes es) hve eset aia Giana eeere Susine 1, 200 1, 200 
ROGAN, 5 o a ARG Oe AnD co SO GLO CUR CRG RG eS ERIC Dee no are Car ae aaa SF A304 yep cie sites 
Additional resources in 
service 1980-1990: 
PSA 41: 
Southwestel Ganorewe were acieran i ckiee estes socom ea oe are ee sees 1, 500 1, 900 
GAS LE CTIBIC All Ooms creer ae Fe olsen MTD sais cohalicns i bit w.ceitohe Susi 1, 800 3, 000 
INortherne)itahicrewseacmetera ct site geerace tne Sei cow tere ioe erent etae er ennai 3, 000 3, 000 
Sho talprere rir ret eerste oe erecta tale wos ae ease oak O53 00M are 
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TABLE 8-1 


WRAC Generation Task Force PSA 30 (Montana)—Load and Generation Projections—Peak Megawatts 


1970 1980 1990 
Peak load: 
PSA 30. (Montana))s cite shin Bora de suas eateta te ete are tere eeetr tonite tate eee 1, 460 2,590 4, 700 
Exports or imports. 1) -....5.0 2 oem eee renee +91 —137 +22 
Net peak load i; 2 nce gean Mink mas © Oe rae acim were) eee era reeeae ook 2, 453 4, 722 
Peak resources: 
Hydro: 
Comimittedscs xem as ee or rs Se Tee ae atest renenens 1, 301 1, 314 1, 314 
Noncommiitted inc rn ioe ois ete Folate oto te ei tenements 0 681 630 
Total seine ashe ee as Se oc coe eC Re tone 1, 301 1, 995 2, 945 
Thermal: 
Conventional: 
Committed’ He eek is. es eee) We on eT oP ern 246 246 246 
INoncommitted).o8.0 ss 0 cc rere ie etere hte eterno eset eree 0 400 2, 000 
Nuclear: 
Committed: acs coos querer a nets Sie cuenchone aeeietote cero oreaer 0 0 0 
INoncomimitted i oS eee nets romeo otek detente otek tenner 10) 0 (0) 
Gas Turbine: 
Gormanittedica Norco oa noes ene Ee or eee 0 0 0 
INONCOMIMILEC ye rcs ca esrousen cee etek een n tenia ae ere rene 0 0 0 
"Totals ta o-oe sitesi eo eee ec 246 646 2, 246 
"Total resources cance cee Scraretne Dane eels aie aia eae Aer mceiare crereter met een 1, 547 2, 641 519) 
Reserves required C=). 3500 o aa sy ossicles op Pan tee seer ye ean — 146 —259 —470 
Net generation for load i-2 sc eae creams vet ise erature career 1, 401 2, 382 4, 721 
Surplus (++ ).or deficit '(— ) s/c... e.c2 vars. ger ete alone es eemereaiars —150 —7\ —1 
Interruptible load included 7... 2: aes etme ees wigs ee seine eet ot 40 40 40 
1 Detail of Exports (+) or Imports (—): 
Wests gies soa iii ve aridiig sea ike 4) scarica pe de erate te wel reps ouauoiie ones newe ree Re TIONS — 367 — 556 — 326 
Beast ora, o oso vosvarele a ois: 0 ene Sue ovo egerons hereto ois eure ce meieta sere PermeRenMereten 458 +419 +348 
Total scuccaes au veneer tee Eee RIS ICR ee eet sere eaten Rete +91 —137 +22 
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TABLE 8~2 


Generation Resources West Region as of 1970, 1980, and 1990 


1970 (existing ) 1980 1990 
LOAD PROJECTION (MW) 
liming aieeullopyel: 30 Sea 4) Sete etnies er, ee or V/s 23 ONG 7, 076 
et OSE Sey Oe ee See ee SS a 1, 087 2, 180 4, 384 
RR eda ea, ke a BERS 0 sg eu 3 rv FENCS He oe alle Nigager a» ga 2, 840 5, 690 11, 460 


SEE RENIN en cesta in age a) Ds Guar > os ons ATES ok ae gh ye we Oe ee a ee rn ae 
(Pumping in excess of generation—not included in FPC load pro- 
jections. ) 


GENERATION PROJECTION (MW) 


Summary area 41: 


RTE) oe eas MARES SBE tie wan ogee a ey Pv aoe G 1, 868 1, 868 1, 868 
ee eR SR a Gi Maspeth ghee OM ES Sols + Aesuede Ge Tos 82 5 943 943 943 
eee er eeAM Alo Ard)" ..< ,. SARIS SAT MRORAAD 005 snk Mine SOMONE 6. ae es 1, 600 4, 900 
erm inertioum UL talcdrea)l’ ..., RPASAG EI: ab ca cea o Pees EO 1, 830 4, 830 
TPT EIORHEI ID, On. 9 oR a GRRNSNSISlS GROIN RgnS pis 6 olcitt oc ot Dee ieee ts 415 117 ily 

MERGE EAC AKA Ianto dco EMR RRR RUNERCI NS ieee roine So ie side a a dtoueal Ba26 6, 358 12, 658 


1 FPC Load Forecasts of February 1968. 

2 New generation is expected to be principally thermal—generally coal fired with cooling towers. With the large deposits 
of fossil fuel available in this area, and with the higher costs for smaller nuclear units (less than 750 mw), nuclear plants do 
not appear, at the present time, to be economically attractive for Area 41 until the 1980’s. 

3 350 mw “Transfer In” from Area P West Group during 1970—balance of “Transfer In’’ is from PSA 48 Glen Canyon 


for CRSP Preference Users in Utah. 
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TABLE 9-1 


Generation Resources for West Region as of 1970 (Base Year) 


Location Capability—mw Thermal units 
Project name Number of Type? —_ 
City State units ! Unit(s) 3 Project 4 Source of water supply Cooling 
method 5 
Thermal Resources in PSA 
42, 43, 44, and 45: 
City of Hugene 224222 Eugenes 2.225 2-—4 Oregonees = sess 15 2a soe O ICs. 28.9 32.1 Willamette River-_----- OT 
and HFT 
Stationy-siu,e os aseeeeee Portland 2222-2 =e- Oreponsss eee 1, 2:3, 4; GAOT 76.5 82.0 Willamette River------ OT 
and 5. 
Station h 2 2 oe eae Portland ssss=====e Oregons se leand2eeaese OT 10.0 9.0 Willamette River_-_---- OT 
Station“H? <seeeseesee Portland s9ssse-s== Oregons -- == ieee ae OT 2.5 3.0 Willamette River__-_--- OT 
Aino ses - hee Portland Sees Oregon 1, 2,and 3__. GAOT and 35. 5 47.0 Willamette River------ OT 
HFT. 
AStOLIA Soe ee Astoriassess-e2 eee Oregoness=2-o22— Hand? OT 8.0 7.0 Youngs River=eee= oT 
Springficldas====—eeeae Springfield_______- Oreson eee ees, peo, Jeevan 5.0 5.0 Willamette River_._.... OT 
INorthuBendee a2 ase North Bend Oregones=-—=eae= leans ae OT 15.0 1550) CC o0ssBaysee-=- =a OT 
Millan 00 ks sees Tillamook#22--2-5 Oregonesss==2——— 1, 2, and 3... OT and 6.3 6.5 Trask River=-2-s-=2e= OT 
eeusy 
Tillam0okeesseesseseee= Millamook-- 4.24225 OLegon= ee eees Mand.2=2ee—5 D 1.8 1.8 
Ton gvie wees eee Longview - -.------ Washington__--- 1,2,3,4,and GAOT and 26. 0 30.0 Columbia Log Pond.. OT 
5. HFT 
Aberdeen esse se Aberdeen s--5<2 54 Washington. _-_-_- 1,2,3,and4 GAOT 12.9 12:9 Grays Harbor22222=-—= OT 
MacomayN Oa lessees ee COLO ae eae Washington_____ jhand)2sseeee GAOT 9.0 10/0. Puget/Sound==2seeee—— OT 
MacomarNOnc tesa ee DaCOl dese =e eas Washington___-_- and 222ee== GAOT and 50. 0 65.0 Puget Soundz223eeee= OT 
CT 
Lake Union=e59-=e-= seattle: o== = ee Washington__--- 11,12,and13 GAOT 30.0 40:0) Lake Union--_----= == OT 
CleOrgebOW Dass eae (Oates eee ane Washington__-_- 12 and ses G AO 21.0 21.0 Duwamish River ----- (Ga ie 
Shufileton(se 2-2. ese Rentonee sess Washington ----- dang 222e-2 GAOT 90. 0 86.0 Lake Washington------ OT 
Bonners Ferry ---------- Bonners Ferry_-.- Idaho_-_-------- net Rae a Re Eb. D 0.2 0. 2 
iantord So22222- ee Hanford........... Washington-_... 1 and 2__.-_- N 786 786 Columbia River --_---- OT 
Industrial and miscel- 
IANGOUS TOSOUTCOS 6252 se oe ae cae ra ee os ae tee oe ee ee ee ee ee 155. 8 81.0 
Total thermal and 
miscellaneous est es sere ee ee ee ne nee eee 1,374.0 1,334.0 


1 Unit identificatlon. 

2 OT=Oil Fired Thermal, GAOT= Gas or Oil Fired Thermal, N=Nuclear, D= Diesel, CT=Coal Fired Thermal, HFT=Hogged Fuel Thermal. 
3 Net capability of units—excludes station use. 

4 Summation of capability of all units at the time of peak demand. 

5 OT=Once through cooling direct from ocean or river. 

6 Purchased power. Part of the capability of these plants is reserved to owner’s use. 
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TABLE 9—2 


Generation Resources for West Region as of 1970 (Base Year) 


: Location Number Capability 
Project name of units Type! megawatts? 
Stream State 
Hydro resources in PSA 42, 43, 44, 
and 45: 
Columbia mainstem: 
Noxon Rapids............ @lark PorktKiver. 20). 2.2 LG ENTS et. . ear 4 H 419 
apinet Gorver. Sina es ¢ Clark Fork Rivery 34) ite <: L970). SregemeapnaeNerns 4 H 230 
Px pe miubial Snares nee: Pena@reilesen ce ee ahora cei 3 H 23 
Boxe Gan Ones cme or. ee Bendi@reillewen. ceca Washington......... 4 H 79 
USS E92 ec Rend Oreille. ee ews’. 5’ Washington......... 4 H 632 
SPOKAne RVC ani mae aia SpokanewRivera. oan yae.c Wrashinetone o.. 4.66 - 23 H 149 
Grand Goulee.... 0. .....4: Columbia River. ........ Washington......... 18 H 22/6 
Chief Joseph....... . Columbia River......... Washington......... 16 H 1, 280 
WIGS 6% sete cnnOnee aoe Columbia River......... Washington. . eee. 10 H 820 
Glrelany ait ae ner ote ec GhelamwRivers ooncos e. Washington......... Me H By 
BMG REACH oon es pee 6 Columbia River......... Washington......... ih H 815 
Pome WSARC SC. ck ay Slee Columbia River. 5.02.5. Washington’... 2: . 4 H 158 
NANI PUI Gn acts Ae i: Goluimbia "River, 0. 53... Washington......72... 10 H 986 
ilestpRapidsn: gcse eee Columbiaghivernne Washington......... 10 H Oi 
Tkewistomy. jt sameiveie a. - Clearwater RiVers . 16s 2. WdlaliO Reese rac ces 2 H 10 
Be COOL ooo aks Be cx claua ste SARC IRIVGl at istics + os < Washington......... 3 H 466 
Lower Monumental....... SIMS LMS s doles goo ae Washington......... 3 H 466 
Weep anole. sas ccuns epee Sivliqe Ranereswigelale ges ae Washing toner 3 H 310 
INIGIN Any mer tee aro ers ene Columbia Rivers aos. Oregon-Washington.. 14 H ge eae 
Bohne Dayenn see ce Columbia River......... Oregon-Washington.. 14 H PALS 
PRONG BUC, wigs ae dns IDSXe) CAKES) RUN SBA A aw a woe © Oregons a: 8 H 274 
[EREA WO) es cinay 92S eer eE MA mich serie DWescaumtes mien ere at Oregoneas.cor ais = 3 H 124 
Me PANES nh ete eeba ee Columbia iiver eee ere Oregon-Washington. . 16 H 1, 286 
UO VLC nies age on woes Cohimbia RIVE? 23... Oregon-Washington. . 10 H 558 
| Mast LeCIAA GR UCT Dy CLR ne Mure erence Seer ston yesh soos re eee FH SCENE EEC aaie 8 190s ae 15, 626 


1 H=Hydro. 
2 Summation of capability of all units at time of peak demand. 
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TABLE 9-3 


Generation Resources for West Region as of 1970 (Base Year) 


Location Number Capability 
Project name of units Type! megawatts? 
Stream State 
Seasonal hydro: 

Carinen treet ne cnt oe ner McKenzies Rivers snes ©LChOl rer itera 2 H 102 
dirallebrid oe epee ernie rrr Mckenzie Rivera. @revonrer nes ye 1 H 5) 
Detroit... mety oe eee IN. Santiam! Rivery.5....- Oregon peck waste © 2 H 102 
Bie CHE si coca cue eka eee Na Santiam Riemann ai OLCCONer rerio 1 H 5 
Wookoulty LOMtmeye eae ce Meike Willamettenny rs Orecouge. ay ee 3 H 76 
Dexter yore eho ogepreccen ses eres a M. Fk. Willamette....... Orevonine G3 0F5 1 H 3 

Cougar’. i is a4 oer Agee oe ae SU RK McKenzies Oreconre a tiasgeas 2 H 
Hills Creek i yy vacyac eee MEK Willamette... 2 21- @regoni sen ese 2 H 30 
GreektPetersec we ae ee Middle Santiam......... Oreroneon caste 2 H ra 
Postetcin sce ere os Sone South Santiam ya... 5.- Oreconeere cua: 2 Ef 6 
@ak (Grovess. sors. eee Oaki Grove K fa eer ei OLS ONe at nn ora 2 H 49 
INorthtHorki -eskars eee Clackamas River........ @reconse are ce 2 H 54 
Faraday i... ptesggia Ge pest en ay Clackamas River........ OLeR OR rego tity 6 H 44 
River Mult ve ery roceais oo Clackamas River........ Oreconee peers ee oD H 23 
SwaltyNosdl. saqurate aacme sor: HewissRiverae nena - Washing tonm assim 3 H 193 
SwiftiNon2 nore cere rie [ee Wis) CLV.Cl arene Washing toneeenerer: 2 H 77 
Vale. Bie eee ete Shee ewistRiver.. ree Washington. ere 2 H 120 
IM erwittte. nore tee eerie oie a Mewis viverra Aree Washino tones 3 H 146 
Klamath. Rivers, ©: geoss9 dure Klamath River ecg on oe: Oregons wy a cae 9 H 172 
PA ei a A ckceencecgge SRR les Nisqually (River ante h « Washington......... z H 40 
Dia’ Grande Fee gs ois ease dec dlacrs Nisqually Rivers igen ab eet Washington......... 5 H 65 
Cushman Nol yee eee er eee N.-Fk: Skokomish...>.... Washington... 7 on. - 2 H 17 
@ushmanwNos 2apnere eet: IND Bks Skokomishwe een aS bine tone ete: 3 H 88 
Mayhtelel ies mamta son cuel giokecc ote CowlitzRiversenn ene Washington... cess 3 H 133 
Moss ytock 7s see niet oaer ns Cowlitz Raw er erat nner Washington......... 2 H 239 
Reossieceas ta nerondoe © otek come Skagit Ravers. spt te Washington......... At H 399 
Diablo: icc). Pee Ba eee SkapiteRiveraeee tere Washington......... 2 H 159 
Garver Maer ae eee Skagit’ River.5 26. Washington......... 4 H 175 
Aad avg roieary ernie mci ccanteta ore Aen ec WVinite Raven amie cr Washington. 4 H 55 
WippemBaker a. 2:0 aen ae BakersRuiveruessmacir enc Washington......... 2 H 89 
ower bakeriereeee ee cae Baker River....:.....s.5 Washmgtonso:0a.<- 3 H 105 
Total Seasonal Hydro... os... scissors en) Has mateo oe ements aleve BG osc ea ere 2, 798 


1H=Hydro. 
2 Summation of capability of all units at time of peak demand. 
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TABLE 9-4 


Generation Resources for West Region as of 1970 (Base Year) 


Number Capabil- 
Project name ; Location stream State ofunits Type! ity mega- 
watts 2 
Pondage and Minor Hydro: 
ONS GANG CR ee McKenzie) River... hae:: @revontene ser itr 1 H-HPS 9 
Se A ne IMcKenzicuRIven..riaeia Orevontiaphe a>. ose. 2 H 12 
REE ARCLCE OS 2. okays, Suh OV S528 Nakina ls iVers oc. ccha Washington......... 2 H 12 
“2 GHEMLON 2 | a i rhe er Wakimas Riverine in ninnrirr Washington......... 1 H 11 
Bull Run and T. W. Sullivan... Sandy River and Willa- Oregon............. 17 H 34 
mette River. 

imapqtia... 35... .%- ARE eg are Unpquar River... .22.a2. - OregOnt agin < wis 2%e's 8 H 204 
Condit and Minors............ White Salmon River..... Oregon-Washington. . J H 25 
lROTRE Bia did thig Gigante enorme ta Rocue Riversen.) cee re Oregon’ xia. sees <6 9 H 48 
eee eNews ag wile, «el ary mth Nisqually River......... Washington......... 3 H 10 
Reteet a PANS 28 oi. 5 nhs, ois 4s we dO GedaryRiveriys 65 cienedci wns Washington......... 2 H) 29 

PPE WVOAICIN. occ ict ois eee on Newhalem Creek. ....... Washington......... 1 H) 
Snoqualmie and Minors........ Snoqualmie River....... Washington......... 7 H 72 
PRREIONOOU sak hat. win a's vies SOOO? Wake! Greek we cysentes- Washington......... 1 H 30 
Morale oncage. atid MinOn memes et teri Ms» cia ale wie Wye s)e Loteialeys 20s voles Oy Bente eis 496 

Hydro. 

nota ELV OAL OM CCSOUlCCS ener TL Pes ios 3 ae ln Maye aniis a So oF ee ee Ss Os SORE BEAM es Seats o 18, 920 
estamray Crom and slmeriial SR eSOULCESi raj uaitieie a. she @ ors oa coe a)ofe. /olviseielarsrsisens cide rin oe 9 RROD 20, 254 


1H =Hydro, H-HPS =Combination Conventional and Pumped Storage Hydro. 
2 Summation of capability of all units at time of peak demand. 


TABLE 9-5 


Generation Resources for West Region as of 1980 (Additions and Deductions Following 1970) 


Location ! Number Capability—mw 

Project name ss ————_ ofunits? Type 3 ———HH— 

City State Unit(s)4 Project5 

OCDE i re Gentratia os .iai.c.dactue Washington....... land 2. CE 1, 400 1, 400 
PA AROLOMUNERS) ico. 505 e/ee eves Fi antord esate an ae Washing tomes joqc.cc00 sae nse sss N 57 6 57 
INSEL Tn se 5 Se Cet OEIC OIC OO eee ARO M OR c te 60. 600,250 Petia N 1, 000 1, 000 
RRM Sere N sche (sudiays ave a weto mee eaiie eS + Sine wee 8s Washington....... ar eee ee N 1, 000 1, 000 
LSE GEST oo 2s eee ne ne Se Washington....... De ema N 1, 000 1, 000 
INGE SARE 50 5A Fee ae Cerca ce Oregons. wks. 5 Ler rte N 1, 000 1, 000 
INRUITHOANE 5.6 cin Se Ole ee en eee eer Washington....... lies ee N 1, 000 1, 000 
INFDELGRE 5 o a SOD OM OOOO COLES te CG Cee en eee re eee @Orevon\s -scs pee | Ce oroaas N 1, 000 1, 000 
rene eck. . + HAGIIS Soh 6's 5 RMLs. « owie eres OPER ON mae pies co 1 We een N 1, 000 1, 000 
4 Play enil (Mayer gravel bis seme aig 8 Gea SSeS CRI IRENE ROR RONEN ISNT tae eine creer CRC a aris RC a eR ROC ac 8, 457 8, 457 


1 Site selection will depend upon economic and environmental factors. 
2 Unit identification. 

3 CT =Coal Fired Thermal, N = Nuclear. 

4 Net capability of units—excludes station use. 

5 Summation of capability of all units at the time of peak demand. 

6 Added capability under single purpose operation. 
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TABLE 9-6 


Generation Resources for West Region as of 1980 (Additions and Deductions Following 1970) 


Num- Capa- 
Project Location State ber Type! bility 
name stream of mega- 
units watts 2 
Columbia mainstem: 

Grand (@ouleerd PH ee Columbia River......... Washington......... 6 H 3,906 
Grand Coulee P-T’s 7 and 8...... ColumbialtRiverasese) oes Washington. ....... 2 HPS 85 
Grand Coulee P-T’s 9 and 10..... Columbia River......... Washington......... 2 HPS 85 
Chiefs jocsepheAdditions= a: Columbia\Riversy 2. Washington.) or 11 H 880 
Rocky Reach Additions.......... Columbia River......... Washington......... 4 H 451 
Mower Monumental seer Snake Riverte: sve 2 eV ASE O TOM as ractens 3 H 466 
Isower, Granitesse ne eee es SnaketRivere. «ssa. seer Washinictoner: oe are 3 H 466 
Dworshak:¥co2 7c ee N, Fk. Clearwater Rivers. Idahor as. 8) H 423 
ANSOUIN os eeeter ee aes nore caterers eae Snake Rivers sas Idaho-Washington. .. 2 H 310 
China Gardenss. .c scam os seen SnakeyRiveras eee oe Idaho-Washington. .. 3 H 207 
High Mountain Sheep........... Snake River,.).2.< 22 5. ae Gano-Oregons .io%s 3 H 900 
Ice Harbor Additionss. eee SnakegRiveran. mere Washington......... 3 H 310 
John Day .ganiacs oe ee ColumbiatRivers..ee ee Oregon-Washington. . 2 H 310 
ithe -Dalles* 2c sie ae Columbia) Riveraa.s7 er Oregon-Washington. . 8 H 791 
Bonneville 2ndvand) PSH 32. Columbia River......... Oregon-Washington. . 6 H 343 

Total mainstem hydro......24). 2 ovas esi > stow ol a ees et eis olin sae Glos eabetae 9.369 

Seasonal hydro: 

WenatcheesRivers sini .. Wenatchee River........ Washington......... 6 H 150 
Sultan iuscse paren s oct) cet rns SultantRiversenn eerie Washing tonsa. .err o H 140 
Muddy Micadowsnr era takin ISewis sel ane ee eee Washing toner ore 3 H 105 
Foster: sehen cases cine, aoe S. Santiam River........ @Oreconmanisss, eet oe 1 H 12 
WoostiCréekwe. eect er eee RoguevRiverserri eres Oregons veer 2 H 34 
Eden. Ridges. sa2cacsen nts eee IRAE ROMS ob on ooo coe Oregon. sts oe l H id, 
Klamath River Additions......... KlamathRivers. 5. Orevontn se care 4 H 118 
MaytielagAdditionGae yao Cowlitz, River. near Washing toner ] H 44 

Total Seasonal Hydro. 3.95. ciiegs tescee 50 e otis > ie keene nets eter seems 23 enna 680 


1 H=Hydro, HPS= Pumped Storage Plant. 
2 Summation of capability of all units at time of peak demand. 


TABLE 9-7 


Generation Resources for West Region as of 1980 (Additions and Deductions Following 1970) 


Location Number Capability 
Project name stream State of units Type! mega- 
watts 2 
Pondage and minor hydro: 
Total pondage and minor hydro...:..... :%.<....,aatelowss anys ert tie eels ig 0.6 hase 0 
Total hydro resources’. «4:4 <2 0.4 0% Saw 'eln aims ormimyaler imine Ni is slo aoe ee ae 84. banana 10, 045 
Total hydro and thermal resources... 0.50.90 so os ee eee eee bo Om PRE er re 18, 502 


1H=Hydro, HPS= Pumped Storage Plant. 
2 Summation of capability of all units at time of peak demand. 
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TABLE 9-8 


Generation Resources for West Region as of 1990 (Additions and Deductions Following 1980) 


: Location ! Number Capability—mw 
Project name ee OF unite? “lype- 
City State Unit(s)* Project® 

OE NR ee ees Washington......... lt N 1, 000 1, 000 
INREGUBRIP. 5 5 ain] POR ae EEE SRP SICH SCI? ok Sen ee Washington......... 1 N 1, 000 1, 000 
INRECCIGEEE 6 5 cn! ORR ASE RSA OP nee OVEPOn Mage ic afte) ss 1 N 1, 000 1, 000 
ISG LERYE 5. 5 ow ou mR eI ere ee Washington......... 1 N 1, 000 1, 000 
aN PU rele cla sly Wen sire a ew AAR Suse A ps 0 86 recon: pe taera sic 1 N 1, 000 1, 000 
9 Gea RE eae Washington......... 1 N 1, 000 1, 000 
INTEKCHGES? 5 oo eh SUG GROG SIC COR Meee ee Oregon sn. sever gn sags 1 N 1, 000 1, 000 
INTEELISRYE, 5 9 ab ENE 0 CREE SO Ogee Re Nae Serer, Otten ra arn Wiashingtoni pec: 1 N 1, 000 1, 000 
ER 8x0 oh Let SRP caciihitcly diea,n tae Lim sissies, ¢ 0 & ONEGON AG se ago 1 N 1, 000 1, 000 
TRIE GEIR «3 5 58 oo 1a Ora ENE eS CR CRE Ee ee Washington......... 1 N 1, 000 1, 000 
INCHED so 5. OOD BO Oe EIS Oe oe eee OMe4ON 55 Godse ae 1 N 1, 000 1, 000 
BEC Ga aM EE eh ich) waite rss Pose ene AlSusu see 1%, 4g 3. <psnes, © Oregvon= are ae 1 N 1, 000 1, 000 
INIDCL@RIES 64.5 Ghd le meee eRReae CORES CRC enn ene ee me Washington. sae 1 N 1, 000 1, 000 
es i iife kn s Scythe bays sos.8 SaaS yy nye ies § Washington......... 1 N 1, 000 1, 060 
CELESTE ce So rn ea a ae RECON ai eid otaes, os 1 N 1, 000 1, 000 
INTDGUGAE : 6'o.ota Geo Ol OCLC CENTRE CROMER i OR Git eer ee Washing toneeasrecn. 1 N 1, 000 1, 000 
IN RICLE AIM Ne Cn riage ie spa tate neds oi gj Sis We aie) Ce eisai ucioye ee @revoneecr ance. 1 N 1, 000 1, 000 
NITRIC. & ors-9 S 6 ONMNS OG ous atone oho. ERC ia ee crea oe eer @reson ee yer 1 N 1, 000 1, 000 
INTEGLEEIE, oo od So BOO OAD Ore Bote Oe HERRERO OIE Cerca Washington......... 1 N 1, 000 1, 000 

irreate eri ales LesOUnCeS. ctr ie a Gi iac 56 5 oie Gn oe waa s sw pease es 19 19, 000 19, 000 


1 Site selection will depend upon economic and environmental factors. 
2 Unit identification. 

3. N =Nuclear. 

4 Net capability of units—Excludes station use. 

5 Summation of capability of all units at the time of peak demand. 
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TABLE 9-9 


Generation Resources for West Region as of 1990 (Additions and Deductions Following 1980) 


Location Number Capability 
Project name of units Type! mega- 
Stream State watts ? 
Hydro resources in PSA 42, 43, 44, 
and 45: 
Columbia mainstem: 
Katka cos vareqes octcegsicrmunnae Kootetiai River: nc0 cre Loan Orer aan cecanae isl 250 
Sullivans Greekiten as ctaeeg oe ee ont Sullivan: Creek ae Washington......... PES | 14 
Boundary Additions.) Pend Oreille River....... Washington......... Sal 316 
Grands @ouleetsrack. net Columbia Rivera eres Washing tonmagenasnnet 67 3, 320 
Grand Coulee P-T’s 11 and 12.. Columbia River......... Washine tonne jaan 2 SHES 85 
Chief Joseph Additions......... Columbia River......... Washington......... 4 H 320 
Chelan Additions......:..«.:.. Chelan River............. sWWashington: 5)... 2: Se el 1 
Rock Island Additions......... Columbia, Riveting 2. ice Washingtonn. ou). 22 o- ae 265 
Wanapum Additions........... @olumbiay Rivers Washington......... Guage 499 
Priest Rapids Additions. ... Columbia River......... Washing tone...) ee @ lal 473 
High Mountain Sheep..... Snake River......«..».-. Idaho-Oregon...«.:.-: Jal 600 
Wenaha'seesn 1) ete eae Grand Ronde River...... Washington......... 3 Isl 201 
PSSOMIN opie ciitee aps c dav lots SO Snake Ravers iac coe ar Idaho-Washington. . . 2. alg 310 
Penny Chtts)) cigs <r pas M. Fk. Clearwater Wdahou cs. ei caene 6 H 420 
River. 
Dworshak Additions....... N. Fk. Clearwater: Rivert:, Idahoi....sSs.0n 2: 3 sl 660 
WWenOn@aeee ci a eae ClearwatentRiver as ae Tdahocnyase Scio 4 230 
ower Granites e Treas SnakevRivensnrr ere ere: Washingtone er 3) sl 466 
Little Goose Additions. .... SnakewRiveree eee Washington aoe. Bj tel 466 
Ben! Branklintyy. pee eer ColumbiayRiverst se Washingtonwes seer @) al 400 
John: Day. ..cs ya mate ag ous Columbia) Riveraa- er: Oregon-Washington. . AH 621 
Total mainstem hydro... 12%, .ope weedeat re 83) ae 9, 988 


1H =Hydro, HPS= Pumped Storage Plant. 
2 Summation of capability of all units at time of peak demand. 


———— 
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TABLE 9-10 


Generation Resources for West Region as of 1990 (Additions and Deductions Following 1980) 


Location Number Capability 
Project name of units Type! mega- 
Stream State watts ? 
Seasonal hydro: 
Klamath River Additions......... Klamath River.......... OER ONE tints whieh Kame H 164 
ipearcs Roost ena .7. 2... ORES PINBOIS RAVES cetoysh hehe rick Oregonian nm acer 2p aE 120 
Coogar Additions................ South Fork McKenzie CORES OI arcmin ceosmeesinis xi LE 30 
River. 
hc SA a aaa South Fork McKenzie OReR ON Reve too ones 1H 5 
River. 
Merrill Lake Pumped Storage... . . 156 Cg g tM Beat Sear Washington......... 2 HPS 500 
Bee Naditionsen' S85 5. BAA ASOWIS JRIVED sn03 aor oes Washington......... 7aES | 133 
Bierwin Additions: .........54..: Tse wis RIVER iA eee oes Washington.o.<..6%. Lie 50 
Mossyrock Additions............. MowltarRivers cv.ko ae. Washing tonnes ly del 99 
Byematehee River.ii>........ 48s Wenatchee River...» NASA EOIN weer onc ice mk mi eS 5 H 150 
a NRE NECN E A oer E  ic  Wic6) Sista Alsigd So's a. nk on Gen w Pee ww 4 LOL ease: 1, 256 
Pondage and minor hydro: 
North Fork Snoqualmie.......... North Fork Snoqualmie | Washington......... So. SG RRe A 60 
River. 
Oe Dati 6 rere leranes od) eh: Te Ey aie ee ee re Ort 2. Bae? 60 
ce UPS PSOE Ee Co re. arco annemera eee i eee a a a LaF aha c caecceere 11, 304 
Pieea eeeoranc thermiall FesGUrCes ern ce sec ee ee ee eee eee ee ees LU Shec es ine 30, 304 


1 H=Hydro, HPS=Pumped Storage Plant. 
2 Summation of capability of all units at time of peak demand. 
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TABLE 10 


Area P Resources Summary 


[Megawatts] 


I Peak demand (MW)!: 


II Capacity resources (MW): 


Hydro: ? 


Conventional 2.040 hee eee Oe eee 
Pumped. Storage 5.20... sae ee a ene 


Thermal: 


Gasvand' Ou sire eee Bi eo Oe ate ode 


Purchase from others 


Sales: torothérs:: so... css Sacco SI re ieee 


III Gross margin—Capacity resource in excess of peak demand......... 
IV Maintenance at time of peak ‘ 
V_ Net margin at time of peak 
Percent of peak demand 2.50 v5 scenes «ester rg we ane see ee 


TotalkresourGes) ciccesdeyccdesene oA oe Se OAS Ee tee: 


1FPC load forecast of February 1968. 


1970 1980 1990 
2, 190 2, 950 3, 750 
5, 760 11, 780 22, 580 
8, 930 17, 400 32, 900 
16, 880 32, 130 59, 230 


EE 


18, 920 28, 795 39, 514 
0 170 755 
18, 920 28, 965 40, 269 


OOOO 


548 3548 3 548 

0 1, 400 1, 400 

786 7, 843 26, 843 

0 0 0 

1, 334 9, 791 28, 791 
297 0 0 
(2, 167) (3, 456) (3, 926) 
18, 384 35, 300 65, 134 
1, 504 3, 170 5, 904 
) 0 0 

1, 504 3, 170 5, 904 
8.9 9.9 10. 0 


2 Capacity for month of peak demand assuming adverse hydro conditions. 
3 Assumes replacement of existing plants. 
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Power 


supply 
area 


West Region—Peak Demands by Load Centers 


Load center 


oils oi were 


On. 2 


SO etree claw + 


RSOROTAGO: SPYIM GS tre Rekha ort se wes 
Montrose (orand funevon. 5... Se.) «6 2s 
|B) 8) a a diner’ eo aa 
RO STASSE NEC 5 [255 RPS Osis) Miata oes on in = 


ButteeAnacond asp cree ces cattae: = sete: 
GS wlas i eee eS De fefe se sree 
Helena-Great, Valls ciinaia. dike 20 0 
calisme!l. NMitcstoial a ee pcg cane chet el ons erin ssis 
Unassigned +2... 4 eb on. A fh 


DOR ATG rie ery retire ee nites fie ies as 
GCoeuridgAlene eee ripe eee. isk os 
The WistOniies-s.-5 Se imesers Sys ones dace ies 
DSIASSIONER cise erry Sate ee sinks ie) eis 


See footnote at end of table. 


Peak demand 


1966 1 1970 1980 1990 
Megawatts 

nutaschiyaetens Lg 249 546 1, 100 
ee ee 124 L72 378 756 
PR Wess ets 87 121 265 531 
wavabesetomcgts 83 115 253 507 
ssh reees 42 58 128 256 
Rpm Oa kv creme ols lie To70 3,150 
986 1, 360 2, 700 5,130 
306 423 839 1, 590 

162 225 444 842 
77 106 PAL 400 
13 18 36 68 
RAP eee leod4 Zool) 4, 230 8, 030 
473 632 250 PAY) 
eA RSF os stats 512 680 amr 1, 330 2, 440 
PRS HS Meets 291 389 756 yet. 0) 
63 84 164 300 
recat I,-339 1, 790 3, 480 6, 380 
= ORO 363 496 1, 040 1, 960 
Se eee 394 539 1, 140 230 
757 1, 035 2, 180 4, 090 
hi, Aree 551 700 1, 240 2, 260 
Bias ereuets 138 Wf) a4 563 
260 330 587 1, 060 

173 220 390 707 
ioe MOC 27 39 61 110 
PAGANS i 149 1, 460 27000 4, 700 
BA Cxle Bhan os 439 540 1, 080 2, 190 
seta bit alias 1,018 1200 2,510 5, 050 
Piety eset Fiz 880 1, 760 3, 540 
Me cca 70 86 172 350 
AA ORE nieces 68 84 168 340 
ee oes 27307 2, 840 5, 690 11, 460 
1], 388 1, 740 2, 340 2, 980 
178 220 300 380 
183 230 310 390 


1, 749 2, 190 2, 950 3, 750 


SS eS 
eS, 
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West Region—Peak Demands by Load Centers—Continued 


Power Peak demand 
supply Load center 
area 19661 1970 1980 1990 
Megawatts 

43... Ue... Seattle-Tacoma tee. 4422 on ete die aero e eae 255i, 3, 440 7, 040 13, 500 
Bellingham <i). 2b caew.e oe AOS oe eo 287 386 789 1, 520 

Olympia. 65544 ssoc8 sn. eke eet 330 444 907 1, 740 

Chelan: 2: i.cc8Sdiuccnee ee oper ornare L037, 1, 400 2, 860 5, 470 

UWrlassigned 5: ...dMion cs ten ee ee eee ieee 67 90 184 350 

Wotal « 2-248... io SE ce eee 4,278 5, 760 11, 780 22, 580 

AA-AGE EB cc pROF MAING 25, Saiead eae kc € nce 5. 5 2 aoa her aggre ears 3, 455 DOU. 10, 400 19, 700 
BUR OiE 55.Giyo- 5 ode 2 bas en es 940 1, 450 2, 840 5, 360 
Roséburp-Medioed = |. 2. ...5- ears so Sao ee 857 1, 330 2, 590 4, 880 

PASCO ty feeicnc ces pas Os ee hs eae ne ee ae 406 625 1, 230 2, 310 

Unassigned’... Sigs o2 aac eel io ae eee 114 175 340 650 

‘Lotal s 4.2. ee Ait coc See retake By HY 8, 930 17, 400 32, 900 

46 2s ae e oc Sani lranciscoiy, Seek. 35 ies rac ethan Sree ee ore 3, 764 5, 060 10, 900 23, 300 
Sacramento. ...eea> cakca decane sem acne aarargs 1, 764 2, 370 5, 090 10, 900 

Fresno. 2020.) CR ee ee ee ee 1, 463 1, 970 4, 230 9, 060 

RENOR feos sc sc OR etn o a ten acy eee 258 320 690 1, 480 

RE MB a rE sees wile eee etchant eet eye eee” 608 815 1, 760 3, 780 

Uniassigneéd «2.3: 0. facie ke ae aera 495 665 1, 430 3, 080 

Total ene oan Moaescor es ae ak ee 8, 332 11, 200 24, 100 51, 600 

AT ei aunt, WS ADELE 5 his stra yaeses rea sree a 6, 821 9, 150 19, 100 37, 800 
San Diego og vteneresteet oun vice eS kee 904 1, 210 2, 520 5, 020 
SaniBernardinoceretich. oso sone eee 1, 295 1, 740 3, 600 7, 200 

Vienturacc cece scree oe oan GT renee aaen iss sass ote, 597 530 1, 100 2, 200 

TT Wlareh fais ace oot ne a ee ee 272 365 750 1,510 

Brawley: ccttes weg eae 5 tac ee ee ee Se 115 155 320 640 

Unassigned faeces. ons aaa ees ta eee 113 150 310 630 

otal An ce sis gy oe aaa ns Ca ee 9,917 13, 300 27, 700 55, 000 

48. eae eas PHOCRIRS 0 6 s:< p AE aan ole ee ee rea rae 1, 450 2, 000 4, 260 9, 180 
Tacsons 2 Se reer comer nena oa Mineo’ 484 668 1, 420 3, 060 

Yuma). 2% Soe. oectes Sein het ciate cee Rane rotons 658 908 1, 940 4, 160 

Bias Viegas ah co oe fins a. esther ee eee 499 688 1, 470 3, 160 

Unassigned . ona se ie ei tae ae 164 226 480 1, 040 

"Total ccna tac stn cere ee ee eee 3h ORS 4, 490 9,570 20, 600 


a 


1 Approximate. 
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APPENDIX 3—2 ELECTRIC GENERATION MAPS 
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APPENDIX 4 
GENERAL PATTERNS OF TRANSMISSION FOR THE WEST REGION, 
1970—1980-—1990 


Prepared by Subcommittee on Transmission 


Introduction 


This report has been prepared by the Subcom- 
mittee on General Patterns of Transmission of the 
West Regional Advisory Committee of the Federal 
Power Commission. The task assigned to the Sub- 
committee was to prepare a report that would 
present the patterns of transmission development 
in the West Region as represented by the year 1970, 
which would be essentially the existing network 
for the region, and as forecasted for points in time 
represented by the years 1980 and 1990. 

In carrying out its assignment, the Subcommit- 
tee divided itself into five task force groups headed 
by task force chairmen which reported to the Sub- 
committee chairman, Each task force was composed 
of representatives from electric utility systems within 
designated power supply areas in the region, The 
entire region was thus covered geographically by 
representation on these task forces. 

Since the Subcommittee on General Patterns of 
Generation in reporting to the Advisory Committee 
are including considerable background information 
and basic data such as load projections for the 
region, this transmission report will not attempt to 
duplicate such information. Because of this and the 
fact that the two reports are inter-related in many 
respects indicates that even though prepared by 
separate subcommittees the two reports should be 
considered together in viewing the region’s electric 
systems development. 


I. Existing Network 
A. General 


Patterns of development of transmission are de- 
termined by types and locations of sources of power 
supply, including interconnections, in relation to 
characteristics and locations of loads served. As a 
result of the inter-relationship of- these factors, 
transmission systems in Western United States have 
developed as represented on the maps included 
herewith on which are shown major transmission 


lines as of 1970. 


Transmission of electric power in the West Re- 
gion is characterized to a large degree by long dis- 
tances between hydro or remotely located thermal 
power sources and load centers. The composite of 
interconnected systems in the region comprise a 
large loop referred to as the Western Loop or 
“donut” (see map included). By 1970 the western 
side of this loop will consist of 500 KV AC lines and 
a 750 KV DC line making up the western portion 
of the Northwest-Southwest intertie (Pacific inter- 
tie) and the south side of the loop will consist of 
500 KV and 345 KV lines across Arizona with 500 
KV, 287 KV and 230 KV continuing into Southern 
California. The eastern and northern sides consist 
of multiple 230 KV transmission lines through 
Utah, Colorado, Wyoming, Idaho and Montana 
into Washington and Oregon. 


B. Description of Systems 


The transmission networks in the Northwest and 
Southwest were first interconnected on a permanent 
basis through the 230 KV transmission facilities of 
the Utah Power & Light Company and the Bureau 
of Reclamation at Glen Canyon in October 1964. 
The next major inter-connection occurred in April 
1966 when the first segment of the 500 KV Pacific 
intertie was completed and operated initially at 
230 KV. In November 1967 that line was con- 
verted to 500 KV operation. In February 1967 the 
230 KV east-west ties from Montana and Wyoming 
into Nebraska and the Missouri River Basin were 
closed connecting the eastern and western United 
States. 

In the states of Oregon and Washington approx- 
imately two-thirds of the area load is located west 
of the Cascade mountains. Generation supplying 
this load, however, is essentially all hydro, 80% of 
which is located east of the Cascades with heavy 
concentration of generation in the mid-Columbia 
and lower Snake River areas. During winter peak 
load conditions a heavy westward flow of power 
occurs necessitating a substantial network of east- 
west transmission lines. 
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In Montana the load and generation is concen- 
trated in south central and in the western one- 
quarter of the state and transmission has developed 
to interconnect these areas. 

In Southern Idaho generation is 100% hydro- 
electric with the majority of plants located along the 
Snake River. Most of the load in this area is also 
located along and adjacent to the Snake River across 
the southern part of the state. These features have 
determined the character of the development of 
multiple 230 KV transmission lines that generally 
parallel the Snake River to connect generation to 
load centers. 

In Utah most of the generation is conventional 
thermal electric with recently constructed plants 
located at the coal source. The transmission system 
from power plants has been developed to match 
plant capacities and carry the power to North- 
central Utah where approximately 80% of the load 
is located. Interconnecting lines to Idaho, Montana, 
Wyoming and Arizona have been developed for 
purposes of firm and reserve power transfers, econ- 
omy and surplus hydro energy interchange, power 
wheeling and seasonal diversity. 

The relation of load centers to power sources in 
the Arizona and New Mexico areas follow the pat- 
tern of the rest of the Western United States. A 
network of long distance transmission lines is re- 
quired to transmit power to load centers from hydro 
generation on the Colorado River and from the 
thermal power plant at the large coal deposits in the 
Four Corners area. The load centers served are in 
New Mexico, Southern Arizona and as far away as 
Southern California. 


As a result of the geographic relationship of re- 


mote sources of power supply and major load centers 
in the West Region, the average transmission 
distance is in excess of 150 miles. This characteristic, 
coupled with advances in the state of the art, rapid 
regional load growth and limited right-of-way in 
some localities has given impetus to planning and 
construction of 345 KV and 500 KV erid overlays 
of basic 230 KV systems. These higher voltage grids 
are now developing to provide the principal integra- 
tion of generation with major load centers. The first 
two transmission lines in the West Region to operate 
at 500 KV were energized at that voltage in 1967. 
One of these lines interconnected the Hanford nu- 
clear plant and the Seattle area in the Northwest 
and the other comprised a northern section of the 
Pacific intertie. 


Systems of the Northwest Power Pool by 1970 
will operate 16,600 miles of transmission lines at 
voltages of 230 KV and above of which 710 miles 
will be 345 KV and 1,540 miles will be 500 KV 
and above, which includes the 265 mile Oregon 
portion of the 750 KV DC Celilo-Sylmar transmis- 
sion line with an over-all length of 851 miles. 

Transmission distances of 150 to 200 miles from 
mountain hydro to load centers characterized 
earlier power developments in Northern and Central 
California. The major transmission voltage became 
230 KV (220 KV initially) and served this area for 
more than forty years until 500 KV was introduced 
as part of the Pacific intertie development. In these 
areas by 1970 there will be approximately 1,165 
miles of lines operating at 500 KV, and in excess of 
5,000 circuit miles at 230 KV. 

Southern California load centers are concentrated 
on the coast. Generation in this area is only about 
10% hydro with the balance thermal. The thermal 
plants are generally located in or near the coastal 
load centers, however, by 1970 coal-fired plants lo- 
cated as far east as the Four Corners area of New 
Mexico will be supplying power to the Los Angeles 
area on 500 KV transmission lines. Except for 
pumped storage, available hydro sites are approach- 
ing full development in the Southern California 
area. This means that hydro power will play a de- 
creasing role in providing future energy supply. It is 
expected, however, that there will be a continuing 
development of pumped storage facilities in the area 
for peaking purposes. These changes will naturally 
be reflected in the pattern of transmission. By 1970, 
the Southern California area will have 4,474 miles 
of transmission line operating at voltages of 230 KV 
and above. Of this total, 446 miles will be operating 
at 500 KV and 790 miles at 287 KV. In addition, 
the 750 KV DC Celilo-Sylmar transmission line will 
be operational by 1970. The Nevada-California 
portion of this line is 586 miles in length. 

Construction of the Pacific intertie is a significant 
step in transmission development in the West Re- 
gion. By 1970 this intertie will consist of two 500 
KV AC lines and one 750 KV DC line. The two 
500 KV lines of the intertie supplement the back- 
bone transmission in California. Use of 500 KV 
is also planned for integration of thermal plants 
with load centers in Arizona. The principal network 
voltage on the east side of the interconnected sys- 
tems in the region will continue to be 230 KV at 
least through 1970. 
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When completed the Pacific intertie will inter- 
connect the northern and southern sections of the 
West Region each with different types of genera- 
tion and load patterns and will thus provide the 
vehicle for several types of peak and energy trans- 
fers with resulting benefits to each section of the 
region. 


C. System Operations and Characteristics 


1. General—The West Region is composed of a 
number of operating areas which have achieved a 
high degree of reliable operation. Procedures in 
these areas for meeting operating contingencies vary. 
Under extreme conditions, both load shedding and 
opening of interconnections are used to avoid exten- 
sive and prolonged disruption of service. Determina- 
tion of requirements for load shedding varies from 
line loading and line tripping to under-frequency 
relay operation and operator decisions. Interrup- 
tions of interconnections vary from automatic relay- 
ing under selected conditions to tripping only at such 
time as there is danger of damage to connected 
equipment. Studies are proceeding under the direc- 
tion of the Western Systems Coordinating Council 
to continue coordination of these various concepts 
and operating practices and to establish criteria 
essential to reliable operation of the region’s inter- 
connected systems. 3 

2. Northwest——Generation in the Northwest is, 
and will continue to be for some time in the future, 
predominantly hydro characterized by surplus en- 
ergy and light loads during the spring and summer 
months in contrast with the Southwest which is 
dependent for the most part upon thermal genera- 
tion with heavy summer loads in some areas. In the 
Northwest during summer load conditions when 
reservoirs in the eastern part of the system are filling 
or holding, héavy power flows occur from the Co- 
lumbia River plants toward the east. During winter 


load conditions, however, heavy westward power — 


flows occur from the Columbia River plants towards 
the coastal area. It follows, therefore, that system 
additions to the western portion of the Northwest 
area are dictated primarily by winter load condi- 
tions while those in the eastern portion are affected 
primarily by summer load conditions. 

3. Northern Idaho—Montana—From Grand 
Coulee across Northern Idaho and into Western 
Montana the predominant direction of power flow 
is toward the east. These flows are heaviest during 


summer because of reservoir filling and holding as 
explained above. 

4. Utah, Colorado, Wyoming, Eastern Mon- 
tana.—In this area load is served predominantly by 
thermal plants located relatively near load centers. 
Tie line transfers over long distances are predomi- 
nantly seasonal and for economy purposes. Also, 
scattered throughout the area are a number of mod- 
erately sized hydro plants which supply power to 
remotely located centers of load. Interconnected sys- 
tems through these states make up the eastern side 
of the Western Loop. 

5. Southern Idaho.—This area has a summer 
peak load resulting from irrigation pumping with 
heaviest transmission loadings occurring at that 
time. Power sources to carry the summer load are 
predominantly along the Snake River. These sources 
are heavily supplemented from Northwest hydro 
and to an increasing extent from Wyoming thermal 
plants. The predominant direction of power flow 
during both summer and winter is toward the 
Southeast; however, power flow to the Northwest 
occurs during the winter. 

6. Northern and Central California—In North- 
ern and Central California major load concentra- 
tions are in the San Francisco Bay area, and in the 
Central Valley of the San Joaquin and Sacramento 
Rivers. While hydro generation, located along the 
numerous rivers descending into the Central Valley 
from the Sierra Nevada and southern Cascade 
mountain ranges has been in the past the major 
power source, more recently thermal generation has 
become dominant. Most of the thermal plants are 
located on tidewater, principally on San Francisco 
Bay, Monterey Bay and Morro Bay. During the 
spring and early summer heavy hydro production, 
especially in favorable precipitation years, results in 
a power flow from the hydro sources into the Cen- 
tral Valley and the San Francisco Bay areas. As the 
run-off dwindles the hydro resources serve mostly 
for peaking and base load is carried by the thermal 
plants. The ebb and flow of power from the moun- 
tain hydro sources and from the coastal stream 
plants supplies an area load having nearly equal 
winter and summer peaks, but with a geographical 
shift of load from summer irrigation and air condi- 
tioning in the Central Valley area to winter heating 
and lighting in the San Francisco Bay area. 

7. Southern California——The Southern Califor- 
nia load pattern is characterized by a concentration 
of load in the coastal region and very little load in 
the interior. As a whole, the area is winter peaking, 
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but only by a relatively small amount above the 
summer load. The small portion of the load in the 
interior tends to be summer peaking. 

Most of the energy in Southern California is 
produced in the general load area by thermal plants. 
However, some power flows from the large hydro 
and thermal plants at Hoover Dam and Four 
Corners. 

8. Southwest—The major load centers in the 
Southwest are located in the population centers 
of South Central Arizona, Southern Arizona and 
North Central New Mexico. Generation is located 
at hydro plants along the Colorado River, large 
conventional thermal plants located near the vast 
coal reserves of the Four Corners area, and thermal 
plants near load centers. There are substantial 
power flows from the hydro plant at Glen Canyon 
and the thermal plant at Four Corners to the 
Phoenix and Tucson load areas to the south. 

In addition to large power flow from north to 
south, the area is characterized by long distances 
between load and generation sources and an ex- 
tremely high summer peak due to the heavy pump- 
ing and air conditioning load. 

9. Western Loop.—From the foregoing descrip- 
tions of the systems comprising the network of the 
West Region and from the transmission maps in- 
cluded herewith, a difference in transmission capac- 
ity is evident between transmission lines making up 
the interconnected systems in the eastern side of 
the Western Loop as compared to those on the bal- 
ance of the loop. Because of the higher load and 
generation densities on the latter, higher transmis- 
sion capacities and resulting use of higher trans- 
mission voltages are developing therein. This trend 
is expected to continue, As indicated earlier in this 
report, in the area making up the eastern side, load 
is served predominantly by thermal plants located 
relatively near load centers and tie line transfers 
are predominantly seasonal and for economy pur- 
poses. Some operating problems within the Loop 
have been related to disparities in factors such as 
generating unit size, transmission capacity and rela- 
tive loading of transmission among the various seg- 
ments of the Loop. This does not mean that such 
problems are related to smallness of capacity in 
one part of the network any more than they are 
related to largeness of capacity in other parts of the 
network. A disturbance such as the loss of a large 
unit or line in the higher capacity area may be well 
within that area’s capability of handling such a dis- 
turbance but when reflected into lower capacity 


segments of the network can result in unacceptable 
performance. Also, when it has been necessary or 
expedient to schedule much heavier loadings (rela- 
tive to capacity) in some parts of the network than 
in others troublesome power flows have appeared 
on lines other than where the power flows were 
scheduled. Study and resolution of system operating 
problems associated with the above mentioned dis- 
parities will continue to be given high priority by 
members of the Western Systems Coordinating 
Council. 

The 500 KV lines of the Pacific intertie from 
the Northwest into Southern California were com- 
pleted in 1968 and one line is scheduled to be 
extended into Arizona in April, 1969. Studies by 
the utilities in the area have shown that beginning 
at that time a substantial “circulating power flow” 
will begin on the Western Loop due to large exports 
to the east from the mid-Columbia plants in Wash- 
ington, flowing counterclockwise around the Loop 
rather than over the heavily loaded lines east of 
the mid-Columbia. This condition will be relieved 
in 1972 by transmission capacity increases east of 
the mid-Columbia including series capacitor addi- 
tions, the 500 KV Lower Monumental-Dworshak 
Dam (near Lolo)-Hot Springs lines and addition 
of two steam generating units in Wyoming. 

The years 1969 through 1971 will then be the 
years for which accommodation of such “circulating 
power flow” will probably be most critical. The 
members of the Western Systems Coordinating 
Council are in the process of determining changes 
in power scheduling for the 1969 through 1971 
period that can substantially reduce this “‘circulating 
power flow.” 


ll. Future Network 
A. General 


Load forecasts for the systems in the West Region 
show a growth of 55,395 MW from 1970 to 1980, 
and 106,990 MW from 1980 to 1990. Some of the 
resources to meet this growth will be provided by 
hydro peaking installations particularly in the 
Northwest and Northern California and coal-fired 
thermal plants in the Southwest and Rocky Moun- 
tain areas. Construction of long distance transmis- 
sion lines is thus expected to continue to be required 
for the purpose of bulk power supply from the re- 
mote hydro and mine-mouth thermal plants to load 
centers. The major portion of this load growth re- 
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quirement, however, will be met by thermal plants 
located nearer to load centers. In instances where 
generation will supply separate load areas located 
relatively close together, large capacity tie lines be- 
tween the load areas will be economically justified. 
Future transmission plans for some areas is of neces- 
sity based on locating major thermal plants in or 
adjacent to load centers, thus reducing the require- 
ment for transmission. These are the areas where 
nuclear plants are expected to develop. With time, 
the function of the major transmission systems 
in these areas will change from that of bulk trans- 
mission to providing tie line capacity and peaking 
service. Included herewith are maps showing major 
transmission lines as they are forecasted to develop 
for the years 1980 and 1990, respectively. 

Future development of Extra High Voltage 
transmission (EHV) in the West Region will basi- 
cally be to overlay or parallel existing networks, re- 
taining the transmission loop routed around Nevada. 
The loop will, however, be considerably strength- 
ened with additional EHV lines. This together with 
application of advancements in control techniques 
will result in continuing improvement in the stabil- 
ity and reliability of the interconnected systems. 

In this report, development of future transmission 

is essentially based on the forecasted need and loca- 
tion of generating sources with respect to loads 
without consideration of possible bulk power trans- 
fers outside the West Region resulting from diver- 
sity. The transmission systems represented for the 
years 1980 and 1990 will have adequate capacity for 
seasonal diversity transfers within the region, but 
-no determination has been made of outside diver- 
sities or the ability of the systems. to accommodate 
such diversity exchanges, if any. Future transmis- 
sion lines and the voltage levels for these years were 
selected to meet the following conditions: 


(a) Transmission to load centers of hydro 
peaking and mine-mouth fossil-fired fuel 
plant generation. 

(b) Adequate interconnection capacity to pro- 
vide necessary emergency service between 
areas and to provide for interchange of 
capacity and energy between areas within 
the region. 


It is expected that in the future the 500 KV sys- 
tems will be strengthened in the Northwest, in 
Southern California and from the Four Corners— 
Southern Utah area to Southern California. In the 
Northwest the principal extension of 500 KV is 


expected to be into Western Montana. In Idaho, 
Montana and Utah, multiple 345 KV transmission 
lines will be built to meet needs of these areas. 
Transmission at 230 KV is anticipated to be ade- 
quate to meet the needs of Wyoming and Colorado 
during the 1970’s with the longer range possibility 
of going directly from 230 KV to 500 KV in these 
areas. New Mexico and Western Texas requirements 
are to be met by expansion at 345 KV. 


It can be expected that prior to 1990 transmission _ 


lines with AC voltages above 500 KV will find ap- 
plication in the West Region. In this regard, even 
though the transmission maps included herewith do 
not indicate transmission lines developing above 
500 KV in certain areas, it is recognized such higher 
voltages may actually be utilized rather than the 
multiple lower voltage circuits indicated. 


B. Description of Systems 


1. Northwest——The transmission system in the 
Northwest area of the region (Washington and 
Oregon) after 1970 will be reinforced to permit 
delivery of additional hydro peaking capacity from 
eastern Oregon and Washington to the major load 
centers along the coast. It is anticipated that base 
load increases will be met by nuclear generation 
located nearer to load centers. For the major trans- 
mission additions from the hydro generating areas, 
plans call for use of voltages above 500 KV to limit 
the total number of lines crossing the Cascade 
mountains to the main Portland and Seattle load 
centers. These lines may be operated at 500 KV to 
reinforce the planned 500 KV system until about 
1980 and will be converted to their higher design 
voltage as additional transmission capacity is 
required. 

Beginning in the 1970’s when most of the feasible 
hydro sites for production of firm energy will have 
been developed, the Northwest will embark on a 
thermal program leading to extensive additions of 
large (in the order of 1000-1500 MW) base-load 
thermal units supplemented by hydro peaking. The 
report of the Task Force on Generation for the 
West Region indicates a need in the Northwest for 
about 8,000 MW of new thermal by 1980 and about 
27,000 MW by 1990. The preponderance of these 
thermal plants, primarily nuclear, will be located in 
the coastal area. Most of the added hydro capacity 
will be in the form of new peaking-type plants and 
additions at existing dams primarily on the Colum- 
bia River system. It is estimated that the develop- 
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ment of remaining potential hydro capacity could 
add nearly an additional 21,000 MW of peaking 
capacity by 1990. . 

2. Montana, Utah, and Idaho.—EHV develop- 
ment in the Montana, Idaho, and Utah areas will 
be at the 345 KV level. This voltage is selected 
because it more economically fits the forecasted 
needs of this locality than a higher voltage such as 
500 KV. The reasons for this are: (1) Some of the 
existing 230 KV lines in this area are constructed so 
that they can be economically converted to 345 KV, 
i.e. bundled conductor is used, conductor spacing is 
adequate and corner structures have the required 
strength. Thus, investment required to convert to 
345 KV is substantially less than 500 KV construc- 
tion. (2) The rate of growth is not anticipated to 
justify building at a higher voltage with a resulting 
substantial capacity investment being made in ad- 
vance of need—345 KV more nearly meets the 
economics of capacity investment increments than 
a higher voltage. (3) Certain construction and 
operating advantages can be realized with 345 KV 
in comparison with a higher voltage. Use can still 
be made of wood pole structures at this voltage and 
comparative right-of-way costs are of lesser sig- 
nificance than they might be in other areas. Also, 
greater network reliability results from multiple 345 
KV lines as compared to a single 500 KV line. 

3. Colorado and Wyoming.—In Colorado and 
Wyoming continued use of 230 KV transmission is 
indicated through 1980 with an overlay of 500 KV 
lines by 1990. The forecasted amount of annual load 
growth in each area, the economic rate for bringing 
in new generation and its location is expected to 


_ determine the choice of these voltages. 


4. Northern and Central California.—During 


| the decade 1970-1980 it is estimated that approxi- 
mately 13,000 MW of thermal capacity and 900 
_ MW of hydro capacity will be added in Northern 
and Central California. By 1990 an additional 
30,000 MW of generating capacity is estimated to 
_be required which will be predominantly thermal, 


but will include some hydro development mostly for 
peaking. Bulk transmission of this power is planned 
_to be met by construction of additional 500 KV 


lines from thermal plants to 500 KV substations in 
the Central Valley area and reinforcement of the 
north-south 500 KV lines between the middle and 
| southerly parts of the Central Valley. Extensive 
additions at 230 KV will be required to tie in the 
local load centers with the 500 KV bulk power 


| stations. Smaller thermal units (such as the Geysers 


geothermal plant) and hydro additions will also 
find outlets over 230 KV lines. 

5. Southern California—Future expansion of 
EHV in the Southern California area will be at 500 
KV and largely of an east-west orientation. It will 
link the Southern California load centers to coal- 
fired steam plants in the Four Corners and Southern 
Utah areas or along the Colorado River, strengthen 
Central to Southern California interconnections, 
and overlay existing 230 KV systems, thus increas- 
ing power transfer capability of the entire network. 

Conceivably, voltages above 500 KV may be 
utilized in order to reduce the number of parallel 
circuits from the distant coal-fired steam plants. As 
viewed today, however, expansion is anticipated at 
500 KV in order to be compatible with existing ties 
to the North and with the 1970 transmission from 
Four Corners. Higher transmission voltages in part 
of the system would require an additional step of 
EHV transformation at tie points. Another serious 
consideration in lumping the transmitted power in 
fewer parallel circuits is that the capability of the 
transmission system may be severely taxed in the 
event of a line outage. This is particularly true if 
the system is to operate under an n-2 line outage 
criterion. 

6. Southwest.—The large coal deposits in South- 
ern Utah, Northern Arizona, and the Four Corners 
areas will be further developed. Power generated in 
these areas will flow over a large network of EHV 
lines to the load centers in Central and Southern 
Arizona, Southern Utah, Southern California, New 
Mexico and Western Texas. 

As the coal reserves are depleted, it will be neces- 
sary to build generating plants near the load cen- 
ters. At the present time indications are that these 
could be nuclear plants. 

It is expected that peaking capacity will be pro- 
vided in some areas from conventional hydro instal- 
lations and/or pumped storage and also from 
additions of conventional thermal. 


C. Interregional Transmission Lines 


For the 1970 level of development there are four 
major 230 KV transmission lines crossing the map 
boundary between the West Region and the West 
Central Region. By 1980, six additional lines are 
shown: Two at 230 KV plus one at 345 KV to 
the West Central Region and three to the South 
Central Region at 345 KV. The 1990 level of de- 
velopment indicates that the number of such lines 
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may increase to thirteen. Ten of these are with the 
West Central Region—six 230 KV, three new 500 
KV and one 345 KV converted to 500 KV. The 
three lines shown in 1980 to the South Central 
Region at 345 KV are all converted to higher 
voltage by 1990—two to 500 KV and one to 
765 KV. 

In the forecasted level of transmission develop- 
ment, the amount of interregional tie capacity 
might be considered to be a part of the natural 
sequence of transmission growth brought about pri- 
marily as a result of growth of adjoining regional 
networks which includes only an incidental capabil- 
ity of handling interregional power flows. For 
example all of the lines above 230KV going to 
the West Central Region are planned primarily for 
transporting energy easterly from the Montana- 
Wyoming coal fields. 

The extent to which interregional load diversities 
and other types of power transactions may be sub- 
stantial enough to justify construction of an inter- 
regional high capacity transmission network extend- 
ing over large areas and long distances can only be 
determined by a much more exhaustive analysis 
than any that have been prepared to date. Fore- 
casting the value of diversity far enough into the 
future on a basis sufficiently firm to be useful in an 
economic feasibility study presents an extremely 
complex challenge. If economic advantages do be- 
come well-recognized it can be expected that the 
utility industry will respond as they have in the 
past under similar circumstances. For example, the 
Pacific intertie is being built between widely sepa- 
rated areas in the west as a result of cooperative 
effort on the part of certain public and privately 
owned utility systems and agencies of the Federal 
government to take advantage of power transfers 
and exchanges that are recognized by the parties in- 
volved as being capable of realization. The Western 
Systems Coordinating Council (WSCC) and the re- 
cently formed National Electric Reliability Council 
(NERC) provide additional forums in which the 
utility industry can continue to improve understand- 
ings and concepts that are necessary for further co- 
ordinated expansion on an interregional basis of 
the western power network. An analysis by these 
groups of the value of interregional diversity is now 
being proposed which is a step in this direction. 

Advancements in transmission technology will 
have an important impact on interregional trans- 
mission. Task Forces within both the Planning Co- 
ordination and Operations Committees of WSCC 


are now studying, with liaison representatives of 
Mid-Continent Area Power Planners (MAPP) 
and Southwest Power Pool (SWPP), the unsolved 
technical problems of electrically joining the east- 
ern Interconnected Systems Group and the Western 
Loop networks. The concept of bulk power ex- 
changes between regions may become more practi- 
cal when many of these problems are solved. 

In determining the practicality of interregional 
lines, the degree of advancement that will occur dur- 
ing the years ahead in transmission technology to- 
ward reduction in costs per unit of capacity, over- 
coming the problems of limited right-of-way and 
meeting public acceptance from the standpoint of 
appearance in heavily populated terminal areas will 
be important as will be the establishment of actual 
interregional power benefits and solutions to the 
complex contractual, ownership and control prob- 
lems. Any meaningful evaluations or assumptions 
that are made in this field must certainly take all of 
these factors into account. 


Ill. Reliability of Systems 


It is believed that the transmission systems repre- 
sented will have adequate capacity to continue to 
provide a high degree of reliability. This will be 
assured by providing capacity needed to match gen- 
eration to load requirements, by providing adequate 
levels of interconnecting capacity between areas and 
also through use of multiple lines and application 
of improved control techniques. Transmission volt- 
ages and numbers of paralleling lines are related to 
the amount of reserves available both from spin- 
ning reserves within load areas and available 
through interconnections. 

In general, it is expected that technological ad- 
vancements will improve reliability of bulk power 
transmission system components, including high 
speed control equipment and techniques. 


IV. Load Diversity 


In the West Region the major seasonal load di- 
versity will continue to occur between the North- 
west having a winter peak, and Arizona having a 
summer peak. A lesser amount of seasonal load 
diversity will also continue between the combined 
Idaho-Utah systems with a summer peak, and 
neighboring systems in the Northwest and in Mon- 
tana and Colorado. Future transmission systems will 
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have sufficient capacity within the region to take 
advantage of these diversities. 


V. Practices in Conserving Rights-of-Way 


Planning is being done by systems in the region 
that will result in upgrading of transmission lines on 
existing rights-of-way. New transmission tower de- 
signs are being developed that will permit the use 
of right-of-way widths of 125 to 150 feet for a 500 
KV circuit. This development will make possible 
conversion to higher voltages on existing rights-of- 
way, in some cases without increasing the width. 
For voltages above 500 KV required minimum con- 
ductor spacings make necessary greater width of 
right-of-way per circuit; however, fewer circuits are 
required so that total right-of-way is less than if all 
added lines are at 500 KV. Right-of-way require- 
ments are also related to reliability of transmission 
since in some instances reliability needs and eco- 
nomics might dictate more transmission circuits at 
lower voltage rather than fewer circuits at higher 
voltage or possibly the upgrading of existing lines by 
installation of series capacitors or reconductoring. 

In the Northwest transmission line conversions are 
planned that will result in upgrading of lines on 
existing rights-of-way. A double circuit 230 KV 
transmission line between Chief Joseph Dam and 
Snohomish, Washington, will be converted to a 
single circuit 500 KV line by 1971 with an increase 
in transmission capacity of approximately twice that 
of the replaced 230 KV circuits. Also, there are 
plans to replace two 230 KV lines between Midway 
substation in Central Washington and Bonneville 
Dam with a line of 500 KV or possibly higher 
voltage. 

In Idaho, Montana and Utah it is planned to up- 
grade certain transmission lines by raising the volt- 
age from 230 KV to 345 KV. Some lines will be 
built with provision for future bundling of conduc- 
tor. There are lines in Southern Idaho and North- 
ern Utah with bundled conductor and operating at 
230 KV. These lines can be upgraded for 345 KV 
operation. 

In connecting a new pumped storage hydro plant 
with a major load center in Colorado, an existing 
115 KV line has been replaced with a double circuit 
230 KV line. The capability of the right-of-way thus 
has been increased about eight fold. 

In 1970, a 287 KV transmission line extending 
from the Colorado River area to Los Angeles (237 
miles) will be converted to 500 KV with an in- 


crease in transmission capacity of about 750 MW. 
By 1990 two additional 287 KV lines between these 
locations will be replaced with 500 KV lines. 

The foregoing are examples of line replacements 
and upgrading that indicate what the general prac- 
tice will be in this regard in the years ahead through- 
out the West Region. 


Vi. Appearance of Transmission Lines 


There are four principal approaches presently 
available to reduce the impact of transmission lines 
on environment. The number of lines can be re- 
duced by increasing line capacity through such 
means as utilizing higher transmission voltages, 
series capacitors or reconductoring. Lines can be 
kept from panoramic views by choice of routing. 
Architectural improvements can be made in trans- 
mission towers. Lines of limited length can be con- 
cealed by placing them underground. All of these 
approaches will be utilized in the future in con- 
structing transmission circuits. However, with the 
possible exception of increasing transmission volt- 
age, the result in each case will be to increase the 
cost of transmission capacity. The cost increase for 
undergrounding of transmission is in most cases 
prohibitive under present technology. 

It is recognized also that factors not now appar- 
ent enough to consider in future transmission plan- 
ning might evolve and materially improve the pat- 
terns of transmission development and appearance 
of lines by 1990. An example is results that might 
be forthcoming from research now being done 
on superconductive materials and their possible fu- 
ture application to transmission of electric power. 


Vil. Maps 


Two maps of a general nature are included here- 
with. One is a Federal Power Commission National 
Power Survey Regions map and the other is a gen- 
eral transmission map of the West Region represent- 
ing the configuration of lines that comprise the 
Western Loop. 

Detailed transmission maps are included repre- 
senting transmission lines within the West Region 
for target years 1970, 1980, and 1990. The two 
1970 line maps represent essentially the existing 
systems in the region. One of these maps includes 
lines with voltages below 230 KV where such lines 
are significant in providing transmission area cover- 
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age and the other shows the same representation 
except that lines below 230 KV are eliminated. The 
1980 and 1990 line maps also delete all lines below 
230 KV to provide a clearer visual definition of 
future transmission development. The line maps for 


1980 and 1990 do not attempt to show transmis- 
sion line detail within certain circumscribed areas 
where it is believed inadvisable to attempt to give an 
impression that future lines would occupy specific 
locations. 
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APPENDIX 5 
STUDY OF COORDINATED PLANNING AND DEVELOPMENT 


Prepared by Subcommittee on Coordinated Planning and Development 


Structure of the Industry in the West Region 


The ownership of systems of the West Region is 
shown by Power Supply Areas and for the Region 
in Table 1. Most of the systems in the West Region 
are interconnected; a few are isolated. The isolated 
systems are listed in Table 2. Generating capacity 
located in the West Region is principally conven- 
tional steam and hydro with two operating nuclear 
plants and only relatively small amounts of other 
types. The 1967 distribution by type of prime mover 
in each power supply area of the Region is shown 
in Table 3. 

The highly diversified ownership of the utility 
systems and the high degree of interconnections 
that have been achieved have had a considerable 
influence on development of pooling and coordi- 
nating organizations in the West. 

The interconnection of all but a few systems in 
the United States and Canada is an accomplished 
fact. The public dependence on electric service has 
made it necessary for the suppliers to provide a 
reliable and economic supply of electric energy, and 
interconnection between neighboring systems is a 
natural outgrowth of this need. Interconnections 
have been developing since electricity was intro- 
duced and the first transmission line was built. With 
extra-high voltage transmission lines shrinking the 
distance between systems, just as the railroad, the 
automobile, the airplane, and telephone, radio and 
television have shrunk the distance between all seg- 
ments of the world, it seems that all systems in the 
United States will eventually be interconnected 
either by a-c or d-c lines. Now that most systems 
are interconnected and interdependent, it is impor- 
tant that the interconnected systems be operated 
reliably and economically. 


Trends in the Development of Coordinating 
Mechanisms 


The original systems started with one generator 
to serve a specific load. With the generator out of 
service the load could not be served, so it was im- 


mediately necessary to add a second generator for 
reliability. With the second generator the supplier 
had more capacity than load, so load was developed 
to go with the generation available. The next step 
in the development was for one system to be inter- 
connected with an adjacent system in order to share 
excess generator capacity or reserve and to take 
advantage of more economical power sources. It also 
permitted sharing peak and weather diversity be- 
tween the systems, and maintenance of equipment 
could be scheduled using all available sources of 
energy. The first interconnections were no more 
than a single line. As in the case of a single gener- 
ator, it soon became necessary to build a second line 
to increase reliability. A system having an inter- 
connection with one area soon found it advanta- 
geous to make a similar interconnection to another 
area, and this went on until the radial connections 
between the systems became loop systems. As sys- 
tems in the United States became interconnected, 
operating problems developed and it was necessary 
for the operators of the various systems to solve 
these problems. 

One of the earliest groups formed to solve prob- 
lems resulting from interconnection was the North- 
west Power Pool (NWPP). This pool has been orga- 
nized since the early 1940’s uniting systems in Utah, 
Montana, Idaho, Washington, Oregon and Canada. 
This pool was started with six companies and has 
expanded to include 18 systems, 16 of which are 
in the United States and two in Canada. Of the 
18 systems, eight are investor-owned, three are mu- 
nicipal, three are utility districts, three are Federal 
and one Provincial. The pool operations are di- 
rected by an operating committee composed of one 
representative from each system, and a paid staff of 
coordinating engineers who devote full time to 
pool activities. The goal of the pool is to make the 
best use of the available facilities, The operating 
committee and the coordinating group of engineers 
meet bi-monthly, and the pool meetings are supple- 
mented by conference telephone calls as required. 
Each pool member is kept informed on all pool 
operations. The coordinating group functions as 
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chairmen of pool meetings and conference calls. 
Each system prepares and circulates to all other 
members a weekly report showing such items as 
peak and average loads, actual generation stream- 
flows, storage water levels, fuel supplies, mainte- 
nance planned and in progress, power and energy 
interchange with other systems, and other condi- 
tions existing or foreseeable which might affect pool 
operations. The committee agrees on principles and 
procedures for maintaining frequency and inter- 
change control, interchange scheduling and ac- 
counting, maintenance schedules, relay settings, 
communication systems, generating reserves, reac- 
tive resources, voltage compensation and other 
items affecting pool operation. 

An outgrowth of the operating program of the 
Northwest Power Pool is load shedding by under- 
frequency relays, so that area loads are matched 
to area generation, and in case of a major disturb- 
ance generation may be maintained and load re- 
stored in the shortest possible time. 

Of the 18 systems which are members of the 
Northwest Power Pool, all had installed automatic 
load shedding equipment by the end of 1968. 

There are three coordinating groups within the 
general area of the Northwest Power Pool and they 
are outgrowths of the Power Pool operations. They 
are the Intercompany Pool (INTERPOOL) ; the 
Pacific Northwest Utilities Conference Committee; 
and the Pacific Northwest Coordination Agreement. 

The Intercompany Pool (INTERPOOL) is an 
operating group organized in 1947 within the 
Northwest Power Pool. The appendix includes a 
list of members. The requirements for participation 
include actual or contractual interconnections with 
other members of the group. Each party is repre- 
sented on an Operating Committee. The pool was 
established for the purpose of coordinating power 
and energy resources, and studies of this nature are 
conducted periodically. Exchange of capacity and 
energy is made as permitted within the pool 
agreement. 

The Pacific Northwest Utilities Conference Com- 
mittee (PNUCC) is an informal organization com- 
posed of representatives from publicly-owned, 
cooperatively-owned and investor-owned electric 
utilities in the Pacific Northwest. Meetings of the 
Committee are called and presided over by an 
elected chairman, and funds provided by the mem- 
bers to cover Committee expenses are handled by 
an elected treasurer. The chairman and treasurer 
are the only Committee officers. Each utility shares 


in expenses on a voluntary pro-rated basis. Expenses 
incurred are those for Committee meetings, pre- 
paring and presenting testimony at the Congres- 
sional appropriations hearings and publishing of the 
Committee’s “West Group Forecast” of power loads 
and resources each year. A subcommittee of the 
main Committee is assigned the task of preparing 
the annual loads and resources forecast. Activities 
of the Committee are limited essentially to (1) 
reviewing the plans and programs of the Federal 
agencies and providing support for needed power 
projects and transmission facilities where Federal 
appropriations are required, and (2) evaluation of 
loads and resources on an overall forecast basis each 
year. A significant function of the Committee in the 
early 1950’s during the Korean War was to provide 
the organization through which a procedure for load 
curtailment under a power shortage situation in 
the Northwest was administered by the Defense 
Electric Power Administration. 

The annual power loads and resources report 
prepared under sponsorship of the Committee is 
known as the “West Group Forecast.” This report 
compiles the load forecasts of all of the utilities in- 
cluded in the West Group of the Northwest Power 
Pool. These forecasts, projected 10 years in advance, 
include a comparison for each year of forecasted 
loads with existing and scheduled generating plants. 
The report has proved to be very valuable in the 
long-range planning of regional power resources. 

The Pacific Northwest Coordination Agreement 
(PNCA) group was organized in 1961 to coordinate 
the operation of power resources and transmission 
facilities. Initially the group operated under a series 
of short-term agreements. A long-term (35 years) 
agreement was signed in September, 1964. A list of 
members is included in the appendix. Additional 
parties may join when all existing parties so agree. 
Each party has a representative on a Coordination 
Contract Committee. The Committee determines 
the Firm Load Carrying Capability of the intercon- 
nected systems in accordance with the provisions 
of the agreement and makes studies and plans of 
the coordinated operation for the advice and infor- 
mation of the members. The agreement provides for 
an interchange of energy to maintain the determined 
Firm Load Carrying Capability, for the storage of 
energy in another party’s reservoir and for the pay- 
ments and entitlements between upstream and 
downstream plants. It also provides for coordination 
of the use of transmission facilities and establishes a 
uniform basis for charges for energy transfers. The 
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coordinated planning of maintenance outages is 
provided. The amount of and the extent of partici- 
pation by each system in providing for forced outage 
reserve, energy reserve, and spinning reserve is 
established. J 

Representatives of utilities in the Pacific North- 
west and Bonneville Power Administration have 
recently formed a Joint Power Planning Council to 
facilitate formal, long-range planning of generation 
and transmission requirements for the area. The 
Council has projected hydroelectric and thermal 
power requirements needed to satisfy load growth 
over the next 20 years, and expects to adopt a spe- 
cific generation expansion plan for. the next 10 
years. 

Also operating in the general area is the Associ- 
ated Mountain Power Systems (AMPS). This is a 
planning group organized to make studies of trans- 
mission interconnections, which would make pos- 
sible more efficient use of existing generating facili- 
ties and scheduling of future generating facilities 
together with coordination of generating plant op- 
erations and improvement of service continuity. The 
group has a joint Engineering and Operating Com- 
mittee. Member companies have entered into a con- 
tract to construct certain transmission ties as a result 
of the coordinated planning of the group. 

Other areas of the Western Region are covered 
by operating power pools, interconnection agree- 
ments or by various planning, operating or coordi- 
nating organizations. These are described in the 
following paragraphs. 

The Rocky Mountain Power Pool (RMPP) was 
formed shortly after the end of World War II pri- 
marily for the purpose of coordinating operations of 
the member systems in Colorado, Wyoming and the 
panhandle area of Nebraska. Today, the pool in- 
cludes representatives from the systems in Utah, 
Montana and the Black Hills area of South Dakota. 

The pool is informal in that there is no master 
contract to which all members are signatory. There 
are numerous two-party and some three-party con- 
tracts which make possible the various capacity and 
energy transactions between the members of the 
pool. 

The pool is operated under the over-all direction 
of a Policy Committee, with day-to-day operations 
supervised by an Operating Committee. Each mem- 
ber of the pool is entitled to membership on each 
of these committees. From time to time the Operat- 
ing Committee appoints special subcommittees or 


task forces to study and make recommendations on 
specific problems which may arise. 

In order to properly coordinate operations, the 
following items are representative of the work of 
the Operating Committee: 

(1) Maintenance is coordinated by each mem- 
ber, submitting to the Operating Commit- 
tee an advance copy of the proposed 
schedule for his system. These are tabu- 
lated and reviewed to make sure that the 
pool will have sufficient reserve capacity 
available to meet the projected peak loads 
at all times. 

(2) To insure proper operation, the NAPSIC 
operating guides have been adopted as 
standard for the pool. 

(3) At the bi-monthly meeting of the Operat- 
ing Committee a full review is made of the 
status of load growth, maintenance proj- 
ects and new facility construction by each 
system. 

(4) Relaying of all circuit breakers which 
affect the reliability of the bulk power sys- 
tem is coordinated and_ periodically 
reviewed. 

Nearly all of the hydroelectric generation in Colo- 
rado and Wyoming is owned and operated by the 
U.S. Bureau of Reclamation. All other systems are 
predominantly thermal. The pool has been particu- 
larly effective in coordinating the hydroelectric pro- 
duction of the Bureau and the thermal production 
of other members of the pool. In some instances 
surplus hydro is banked by the thermal systems and 
later returned to the Bureau. 

Several wheeling contracts are also in effect in 
the Pool area. These make possible the best utiliza- 
tion of the transmission systems and eliminate some 
possible duplication of facilities. 

The Colorado Power Pool (GOLOPP) was orga- 
nized in 1956 as an operating group. A list of mem- 
bers is shown in the appendix. No requirements for 
participation are included in the agreement. Each 
member is represented on an Operating Committee. 
The dispatcher of the company with the major load 
has jurisdiction over the operations and flows on the 
interconnections. Each system provides its own 
spinning reserve. The capability and timing of 
new capacity installations is coordinated among 
members. 

The Colorado Systems Coordinating Council 
(CSCC) was organized on October 9, 1968. Mem- 
bership is voluntary and open to all bulk power 
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systems in the State of Colorado. Bulk power sys- 
tems are defined as systems which generate or trans- 
mit electric energy to points of distribution. The 
purpose of the Council is to coordinate the planning 
and operation of generating and transmission facil- 
ities in the State of Colorado, in order to achieve 
reliable operation and economic utilization of such 
facilities. 

The Council operates through a ten-member 
steering committee, of whom three members rep- 
resent municipal systems, three represent rural elec- 
tric cooperative systems, three represent investor- 
owned systems, and one represents the United States 
Bureau of Reclamation. Officers include a Chair- 
man, Vice-Chairman and Secretary, and are elected 
from the Steering Committee. The Steering Com- 
mittee is directed to work in close coordination 
with the Western Systems Coordinating Council in: 
(1) accumulating data and performing studies of 
the operation of statewide interconnected systems, 
(2) accumulating data and making studies for 
transmission system interconnections and for con- 
struction of bulk power facilities, (3) reviewing and 
analyzing operating procedures to determine their 
conformity to procedures adopted by WSCC, and 
(4) recommending new or modified operating 
policies and procedures for guidance of member 
systems to insure closer coordination with WSCC. 
WSCC, Western Systems Coordinating Council, is 
described in following sections of this report. 

The New Mexico Power Pool (NMPP) isa plan- 
ning and operating group organized in 1941. Mem- 
bership in the pool is voluntary. The appendix 
includes a list of members. Each pool member is rep- 
resented on an Executive Committee and on an 
Operating Committee. The members of this pool 
cooperate in stability studies and coordinated emer- 
gency load reduction studies. Each member carries 
its own spinning reserve. 

The California Power Pool (CALPP) is a plan- 
ning and operating group, organized in 1964. The 
members are the three major investor-owned utili- 
ties in California, and are listed in the appendix. 
The California Power Pool provides a basis for 
continuous parallel interconnected operation be- 
tween the area systems of the three parties. 

There are no requirements for participation 
stated in the Agreement. Each member is repre- 
sented on a Board of Control, which has established 
an Engineering and Operating Committee, In an 
advisory capacity, the Board of Control covers co- 
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ordinated load projections, limited planning of 
reserves, and participation in the development of 
facilities. The Board’s duties include planning for 
maximum benefits of all parties, procedures for ex- 
change of information among parties, determining 
capability of interconnections under normal condi- 
tions, and prescribing metering, recording, billing 
and operating procedures. 

The Agreement makes provisions for the sharing 
of capacity margins, provides for exchange of load 
and resource forecasts, maintaining spinning reserve 
and installed capacity, coordination of maintenance, 
purchase of firm capacity and energy, short-term 
firm service, emergency service, standby service, 
economy capacity and energy service, and energy 
interchange service. 

A pool member is required to furnish service 
only out of its available capacity resources when it 
can do so without jeopardizing service to its own 
customers, and without interfering with its obliga- 
tions to a third party. System dispatching is done 
on an individual system basis. Load shedding and 
tie line control practices are coordinated in ac- 
cordance with rulings by the Board of Control. 

The Southern Caltfornia Municipal Group con- 
sists of four municipalities as listed in the appendix. 
The four municipalities are interconnected and the 
group agreements make provision for the supplying 
of emergency reserves, including spinning reserves, 
economy energy and other transactions to meet 
operating needs between the municipalities. 

The City of Los Angeles through its Department 
of Water and Power handles the Hoover and 
Canadian entitlement for the other three cities, and 
will also handle the Pacific Northwest power for the 
municipalities over the 750 kv direct-current trans- 
mission line. The cities of Glendale, Burbank, 
Pasadena and Los Angeles, together with the South- 
ern California Edison Company, participate in the 
ownership of the 750 kv d-c line. Los Angeles is 
constructing the southern portion of the line and 
will be the operating agency. 

The membership list of all pools is shown in the 
appendix and the inter-relationship of the various 
pools is shown in Table IV and Figures 1 and 2. 
Some of these pools have extensive contractual 
agreements, while others are quite informal. How- 
ever, all carry out coordinated operation, main- 
tenance and planning in some degree. These opera- 
tions have led to the formation of other and larger 
planning groups, some of which extend beyond the 
boundaries of the Western Region. 
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A western region group primarily concerned with 
planning the most effective use of regional energy 
resources is the Western Energy Supply and Trans- 
mission Associates (WEST), which now consists of 
23 utilities in nine southwestern states. At the pres- 
ent time the membership of WEST is made up of 12 
investor-owned, 5 municipally-owned, 3 REA Gen- 
eration and Transmission Systems, 2 Irrigation Dis- 
tricts, and 1 State Authority. WEST itself does not 
construct or own any facilities, but members of 
WEST have planned together to build jointly- 
owned plants and transmission lines. 

The objectives of WEST Associates may be sum- 
marized as follows: 

(1) To provide for integrated regional plan- 
ning of generation and transmission. 

(2) Work with other power suppliers, both 
within the area and in adjacent areas, in 
an effort to coordinate plans. 

(3) Provide a means for members to obtain 
the economies of scale by participation in 
jointly-owned large generating plants, but 
at the same time protect the right of indi- 
vidual members for self-sufficiency. 

(4) Provide means to use diversity and reduce 
reserves. 

The accomplishments of WEST Associates to 
date consist of the installation of two 750 mw coal- 
fired steam units at the Four Corners site in New 
Mexico, and agreement to construct two 750 mw 
coal-fired units at the Mohave site on the Colorado 
River, and the construction of hundreds of miles 
of 345 kv and 500 kv transmission lines to make 
this power available to the various participants in 
the two jointly-owned projects. 

WEST operates with a Board of Directors, a 
Management Committee, Planning Committee, 
Legal Committee, and Public Relations Committee. 
Members are assessed dues, to cover operation of 
the organization, in proportion to the size of their 
operations. 

As a result of the proposed extensions of inter- 
connections between regions in the United States, 
the North American Power Systems Interconnection 
Committee (NAPSIC) was formed in January, 
1963, to coordinate the operation of the massive 
network. NAPSIC is an informal, voluntary orga- 
nization of operating personnel representing the 
interconnected systems or regions in electrical syn- 
chronism. Representation at present, consists of two 
members from each region. These operators have 
met regularly and have developed basic guides for 


interconnected operation to maintain maximum 
reliability from the systems as constructed. 

Another outgrowth of the need to have systems 
coordinate their operation and planning is the 
Western Systems Coordinating Council (WSCC) 
formed in early 1967 by some 40 systems in 13 
western states and a province of Canada, very 
closely identified with the West Region represented 
by the West Regional Advisory Committee. There 
are some differences along the eastern boundary 
and, of course, the Canadian systems are not repre- 
sented on the West Regional Advisory Committee. 

The Western Systems Coordinating Council 
(WSCC) is a voluntary council open to all bulk 
power suppliers in the 13 U.S. western states and 
the Canadian province of British Columbia. As of 
January 1, 1969, there were 39 member systems. By 
type of ownership they are classified as follows: 


Canadian wrovincial Syste. 2. ooo 1 
WS? Rederat Agencies: oe Sat ar eee es 3 
RE AGGeecrd et Sys tenis en tte ee ao Te os ete re 3 
Staterand Public Utility District. 20S. Ju. oa ie 8 
IMimicipales ystems 2:2 oes | Ps esi e Boe at ee AS 6 
Investor-owned systems. <9 18 


A complete listing of the membership of Western 
Systems Coordinating Council is shown in the ap- 
pendix with chart outlining the structure of the 
Council. 

Relative size of the various classes of member 
systems is indicated by the installed generating 
capacity. Totals for 1967 were as follows: 


Kilowatts of 
installed capacity 


RWGODE TALI VeS Te Seen aoe ao ee 261, 000 
Federal G2 Sim es: sic etd 2d Lee Oe 10, 552, 000 
Investor-Qwned we feu 62 1 eal eens Jah 28, 189, 000 
J BENE CGT Toe 1 ie Dealgel Jovall ager 200 ae Sarees Ie 8, 847, 000 
SiaterOE PD POVINCC 2 fee ee 2, 324, 000 

Lota lies sess ehe 2 i Bh Ae ee 50, 173, 000 


The purpose of this Council is to promote the reli- 
able operation of interconnected bulk power sys- 
tems. It is truly a coordinating council and has no 
specific planning responsibility. All planning for fu- 
ture generation and transmission facilities is the re- 
sponsibility of the individual member systems and 
whatever planning groups with which they may be 
associated. However, before making final commit- 
ments for construction, such planning is reported to 
the Council, where studies are made to determine 
the effect of planned changes on the reliability of the 
whole western regional bulk power network. 
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Each system is entitled to a representative of its 
choice on the Council and from this group are se- 
lected three officers and an Executive Committee 
to direct and coordinate the activities of the Council. 
A Planning Coordination Committee is assigned the 
duty of accumulating data and performing regional 
studies of the interconnected systems to determine 
the electrical stability and associated reliability of 
the regional bulk power network, and to formulate 
reports and recommendations based on these studies. 
An Operations Committee reviews and analyzes 
operating procedures and problems relating to the 
reliability of the operation of the interconnected bulk 
power systems, and recommends new or modified 
operating policies and procedures for the guidance 
of the member utilities. 

A Public Information Committee was formed 
more recently. Its objective is to obtain factual data 
concerning member systems and their operations 
and, particularly in the case of emergencies, dis- 
seminate these data immediately to the public press 
and other news media so that the public is kept 
correctly informed of power system matters of 
general interest. 

Still more recently a committee was formed to 
provide liaison with the Western Conference of Pub- 
lic Service Commissions. This consists of the Vice 
Chairman of WSCC and the Chairmen of the 
Planning Coordination Committee and the Opera- 
tions Committee. Each of the other standing com- 
mittees has a representative from each Council 
member and has subcommittees and task forces to 
review specific problems, but the committee as a 
whole makes its findings and recommendations to 
the Council for action. The Western Systems Coor- 
dinating Council provides a forum for coordinating 
the planning and operations of the bulk power sup- 
ply systems in the 13 western states; however, the 
actual construction of the systems is the responsi- 
bility of each individual system. The council pro- 
vides the means for each system to know how its 
plans will affect other systems and how other sys- 
tems’ plans may affect it. With this knowledge it will 
be possible to develop systems for the greatest 
reliability and economy. 

Within WSCC there is no central dispatching cen- 
ter for direct control of generating plants and energy 
transfers. ‘These functions are the responsibilities of 
individual systems or pool organizations. Future 
trends in central dispatch centers cannot be forecast 
at this time. As noted above, the Planning Coordi- 
nation Committee collects data for regional studies 


of load flow and stability. Both data and studies 
cover seven years into the future. From these data 
and studies, it is planned that the existence of any 
areas of weakness or deficiency will be found, and 
recommendations for their alleviation or elimination 
can be made. The relationship of the Council to 
other coordinating groups is shown geographically 
in Figure 3. 

As the Western Systems Coordinating Council has 
developed as a result of interconnected systems and 
areas, it became apparent that some form of orga- 
nization should be established as a clearing house 
for the problems of the interconnected regions of 
the country, and this year the National Electric 
Reliability Council (NERC) was formed on 
June 11, 1968. Its purpose is to encourage and assist 
the development of direct or indirect interregional 
reliability arrangements among regional organiza- 
tions or their members; to exchange information 
with respect to planning and operating matters re- 
lating to the reliability of bulk power supply; to 
periodically review regional and interregional activ- 
ities on reliability; to provide independent review of 
interregional matters referred to it by regional orga- 
nizations; and to provide information to the Federal 
Power Commission and, where appropriate, to other 
Federal agencies with respect to matters considered 
by the Council. 


Future Coordinating Agreements or 
Arrangements 


The area represented by the West Regional Ad- 
visory Committee is characterized by long distances 
between load centers and between load centers and 
hydroelectric sites. At present fossil-fuel plants are 
generally close to load centers but in certain areas 
there are developing an increasing number of coal- 
fired mine mouth plants located at considerable dis- 
tances from the loads they supply. The area includes 
the sparsely settled mountainous areas of the 
Rockies, the Sierras, and the Cascades; the desert 
areas of the Southwest; the Great Basin; the more 
populous areas of the Columbia River system, the 
Colorado River system, part of the Missouri River 
systems, and the costal rivers of Washington, Oregon 
and California; as well as the major load centers 
around San Diego, Los Angeles, San Francisco, Port- 
land and Seattle, all ports on the Pacific Coast. The 
present power supply for the area is predominantly 
hydro in the Northwest, thermal in the South and 
Southwest, while the Northeast portion of the area 
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and the Rocky Mountain area are supplied by a 
mixture of hydro and thermal units. Major coal 
fields are in eastern Montana, most of Wyoming, 
western Colorado, eastern Utah and the Four Cor- 
ners area of Arizona and New Mexico. Most of these 
coal fields are in water-short areas. Because of the 
distances involved when using coal, and the dimin- 
ishing economical hydro developments available, the 
coastal systems are looking to large nuclear plants to 
supply their future needs. This may be further dic- 
tated by possible limitations on the use of fossil fuels 
because of air pollution. Electrically it is best to have 
generation close to load, but other considerations 
may require the plants to be located some distance 
from the metropolitan area loads they serve. 

Under these conditions the Western Systems Co- 
ordinating Council has been formed and has estab- 
lished a basis for coordinated planning, development 
and operation of the systems in the 13 western 
states. Through its members it will continue to col- 
lect data on loads and resources seven years in 
advance. It will also collect data on proposed gen- 
eration and transmission facilities. Based on these 
data, studies performed by the Planning Coordina- 
tion Committee will suggest possible optimum ar- 
rangement of interconnections between the various 
systems and areas which could improve reliability 
and stability. Also, these data will be available to 
all systems and can be used with intra-system studies 
to disclose the effect of planned additions on inter- 
connections and on other systems. 

The Operations Committee will continue to ana- 
lyze operations on the whole interconnected network 
in order to anticipate possible trouble areas and to 
initiate programs to eliminate them. The committee, 
when requested to do so by the managements of the 
affected systems, will assist in analyzing major bulk 
power system outages with the objective of deter- 
mining the causes and recommend means of avoid- 
ing such interruptions in the future. The committee 
will also survey the protective relay settings speci- 
fied by the owners of key transmission ties with the 
objective of obtaining proper coordination and the 
greatest reliability on the network. Improved com- 
munications between dispatching centers will also 
be encouraged where existing communications are 
found inadequate to cope with the problems of 
interconnected operation. 

Each system in the area is responsible for plan- 
ning the additions to its system to meet its load 
requirements. Some systems are of such a size that 
they can use the largest equipment and the highest 


voltage available. Other systems, however, are not 
large enough to take advantage of the economies 
of size in generating equipment. The ownership of 
such systems may be Federal, public non-Federal, 
utility company, a combination of two or more of 
the above, or a generating company owned by one 
or more parties. Such systems, by various methods 
of joint participation, will be able to gain some 
economies by using larger machines, but because of 
the distances between systems and loads and the 
size of the loads, many cannot economically install 
the largest units presently available. There are sev- 
eral approaches to joint use of generating units, 
and the plan used will depend on the systems in- 
volved, their financial setup and the Federal and 
state regulations under which they operate. 

As has been noted, all the systems in the West 
Regional Advisory Committee area are operating 
in parallel. This network is formed primarily from 
four different pools or areas (see Figure 1). At the 
present time, this network is connected to the Inter- 
connected Systems Group by lines from Montana 
and Wyoming. Studies have been made for con- 
nections between Colorado and Kansas and between 
Colorado and the Southwest Public Service system. 

The Western Systems Coordinating Council is 
developing planning and operating criteria designed 
to improve system reliability. Such criteria at the 
very least will relate to interconnection reliability 
standards, operating reserves and load shedding 
practices. Although the Council has initiated work 
on formulation of standards in the areas referred 
to, no concrete proprosals are expected until late 


1969. 


Future Coordinating Requirements 


In the next two decades the large increase in 
total generating requirements, the large size of indi- 
vidual units and higher voltage of transmission lines, 
together with the greater emphasis on retaining or 
enhancing the quality of the environment, will 
make close coordination of planning and operation 
imperative. To meet these requirements, stepped 
up research and development must be done not only 
in the field of materials and equipment, but also 
in methods and procedures. 

The group effort of an organization such as 
Western Systems Coordinating Council is a good 
vehicle for motivating this research and 
development. 
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It is also possible that existing power pools may 
be restructured to meet changing needs and pat- 
terns of growth. There will need to be better com- 
munication and faster dissemination of information 
among power systems so that interconnection oper- 
ating decisions can be made more intelligently. 

Two examples of how greater reliability will be 
assured are the criteria for system planning and 
interconnections and the highly sophisticated tran- 
sient stability computer program now in the process 
of being expanded by members of the Western Sys- 
tems Coordinating Council. Load flow computer 
programs have been developed to handle as many 
as 1400 or 2000 busses. 

More attention will be given in the future to the 
distribution of spinning reserve with respect to both 
load and generation areas. Consideration will also 
be given to the rate of response of the spinning 
reserve units in assigning the reserve quotas. 

The role of computers in the future load dis- 
patch centers will probably be developed on a step- 
by-step basis. In the early stages it will perhaps 
monitor many pertinent factors, such as power flows 
as related to relay settings, or rate of change of 
frequency or power flow, reversal of power flow, 
etc., and call these to the attention of the dispatcher. 
At some later time it may be that the computer may 
initiate corrective measures. 


Problems and Solutions 


Within the West Region, distances between major 
load centers are usually great. This presents an 
economic problem in order to take advantage of 
seasonal diversities which exist between the north- 
ern and southern portions of the Region. Currently 
there is also a surplus of hydro power in the Pacific 
Northwest during the summer months, when it 
could be used in the southern areas to replace power 
generated by thermal plants. After lengthy studies 
and negotiations among the utilities of the Pacific 
Northwest and in California and Arizona, agree- 
ment was reached on sale and interchange arrange- 
ments. The negotiations have resulted in the con- 
struction of two 500 kv a-c transmission lines, 
linking the Pacific Northwest and the California 
systems. These lines are now in operation, Also au- 
thorized are two 750 kv d-c transmission lines. One 
of these is under construction and will link the 
Pacific Northwest and the Southern California area, 
while the other is planned to join the Pacific 
Northwest to the Colorado River area at Hoover 


Dam basically for the purpose of utilizing the diver- 
sity which may exist between the Pacific Northwest 
and the Arizona area. Construction costs of the four 
lines are shared by the Federal systems (BPA and 
USBR), Municipal systems such as those in the 
Southern California Municipal Group and by in- 
vestor-owned utilities in the Pacific Northwest and 
in California and Arizona. 

A further problem which has aroused much in- 
terest is the question of how small systems can par- 
ticipate in economies inherent in large-scale power 
developments. Small systems that purchase their 
total requirements from neighboring suppliers will 
share in such benefits through the normal wholesale 
rate regulatory process. Small systems which gen- 
erate all or most of their requirements have been 
able to install larger, more efficient units by pur- 
chasing deficiency capacity for a period of time, 
selling excess capacity from a new unit, and obtain- 
ing reserve capacity to replace power from the large 
unit when it is removed from service during emer- 
gencies or normal maintenance periods. 

Small systems may also be able to act in concert 
to install large units at much lower cost than would 
be possible if they supplied all their own needs from 
generating capacity within their system. To accom- 
plish this objective, these systems may find it desira- 
ble to participate in wheeling arrangements to 
deliver power from such jointly sponsored plants 
without themselves constructing transmission lines. 
This type of wheeling arrangement, which has re- 


ceived acceptance by utilities in the Rocky Moun-. 


tain Power Pool provides good utilization of 
transmission lines by avoiding duplication of facil- 
ities and land use. Coordinated planning and devel- 
opment among large and small systems on 
an area-wide basis provides the best assurance of 
optimum resource development. 

This problem has been solved to some extent in 
the Pacific Northwest through joint or “partnership- 
type” arrangements for new power plants. Typical 
of this are long-term power contracts by systems in 
Washington and Oregon for a share of the output 
from four large hydroelectric developments con- 
structed on the Columbia River by non-federal pub- 
lic agencies. Under these participation agreements 
the purchaser generally contracts to take a per- 
centage of the plant output in return for paying 
the same percentage of the plant’s annual cost. The 
terms of these agreements are variable depending 
upon the various circumstances. 
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The purchaser usually receives a percentage of 
all components of the plant capabilities, capacity, 
energy, pondage and associated transmission facili- 
ties. He molds this into his system as one of his own 
plants and has full control of its scheduling. Under 
this type arrangement the owner may reserve the 
right to withdraw power for his own use up to speci- 
fied maximum amounts by sufficient notice or may 
have a fixed percentage purchased by years on a 
declining basis. Contracts signed in advance of con- 
struction can serve as a guarantee for the financing 
of the plant construction. 

A further but different example of joint partici- 
pation in the Northwest was the construction of 
Hanford project by Washington Public Power Sup- 
ply System. This is an operating agency authorized 
under Washington State Law which is empowered 
among other things to build and operate generating 
facilities. Participation in a development is volun- 
tary in that a municipal, public utility district, or 
rural electric cooperative may join in a venture or 
not as it chooses. The output of Hanford plant is 
shared equally between two groups of utilities—five 
investor owned utilities and 76 publicly-owned util- 
ities with each paying one-half the costs. The output 
is exchanged with Bonneville Power Administration, 
which receives the power and provides transmission 
and back-up reserves and delivers to each purchaser 
the amount of power his payments entitle him to at 
BPA rates. 

The Centralia thermal electric plant is another 
example of joint participation by utilities, public 
and private, in a Pacific Northwest power plant. 
The Centralia plant, consisting of two units with 
total capacity of 1400 mw, will be owned by four 
private utilities and five public agencies. Each par- 
ticipant will finance and directly own, as tenants 
in common, his agreed upon share of the plant for 
the life of the plant. This type of arrangement 
differs from the two previously described types of 
joint participation. In the Columbia River projects 
joint participation is obtained through sale of parts 
of the plant output and in the Hanford project 
through sale and exchange of the plant output with 
the sponsoring organizations retaining ownership 
of the plants and eventually, with expiration of the 
sales agreements, obtaining the full plant output. 

The Centralia project is the first step in a program 
of cooperative thermal projects in the Pacific North- 
west. A Joint Power Planning Council formed 


among the utilities in the Northwest is planning 
for the coordinated future construction of large 
thermal generating plants scheduled to meet the 
area requirements. These plants will be sized to take 
advantage of economies of scale, timed to meet 
area requirements and located to make efficient 
use of the area’s transmission grid. In conjunction 
with this program the Centralia project was ad- 
vanced from the participant’s required schedule to 
a schedule necessary to meet the area requirements. 
The disposition of the output of the plant during 
this early period will be to the Government to meet 
Northwest area requirements, and part of the plant 
output has been sold to the Government to pro- 
vide a ten-year supply of power to the Central Val- 
ley Project in California. Joint participation in the 
other jointly-planned projects is anticipated through 
various types of arrangements. Through such ar- 
rangements each utility in the area, public and pri- 
vate, will be able to participate in one or more of 
the several plants being planned; however, for the 
most part, it is contemplated that the smaller dis- 
tributor type public agencies will continue to pur- 
chase their future power supply from the Bonneville 
Power Administration. 

Joint ownership of power generating facilities 
has also been practiced in the construction of the 
large generating facilities such as San Onofre nu- 
clear generating plant, in the Four Corners area of 
New Mexico, and is also provided at the Mohave 
plant and proposed for others to be built along the 
Colorado River. 

The role of load shedding in providing reliable 
service is generally recognized in the western states. 
Nearly all major systems have the equipment in 
service at this time. In general, automatic load shed- 
ding begins when the frequency drops to a prede- 
termined value of approximately 59.5 Hz and re- 
mains there for a predetermined time. Load is 
dropped in blocks with additional blocks being 
dropped with further reductions in frequency. 
Schedules of load shedding of the various systems 
are compatible. When the frequency approaches 
58.0 Hz steam units may experience trouble with 
vital auxiliaries such as draft fans and boiler-feed 
pumps. More drastic steps must then be taken to 
avoid a cascading type outage and expedite return 
of interconnected systems to normal operation. Load 
shedding practices are being coordinated thru the 
WSCC. 
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Interregional Coordination 


Interregional ties will probably develop when 
they can be economically justified. For example, a 
study was made of a tie between Public Service 
Company of Colorado and Southwestern Public 
Service Company. At that time the cost of the tie as 
related to the available summer-winter diversity ex- 
change (after giving consideration to maintenance 
schedules) was not economical. This tie will be re- 
viewed again in the next year or two. 

A preliminary study of a tie from Public Service 
Company of Colorado to Kansas Gas and Electric 
Company indicated that, until stronger east-west 
ties are built through Nebraska, too much line 
capacity is used up by inadvertent east-west power 
flows. Here again this project will be reviewed at a 
later date. 

All of the major electric systems in the West are 
interconnected through at least one of the many 


power pools or coordinating groups. The Western 
interconnected systems were lightly tied to the East- 
ern systems of the United States at three points in 
early 1967 (East-West Tie). These connections are 
at 115 kv at Fort Peck and 230 kv at the Bureau of 
Reclamation’s Yellowtail Plant in Montana and at 
Stegall, Nebraska. There are no connections be- 
tween the West Region and Southwest or Texas 
systems (except El Paso). 

The East-West interconnection permits syn- 
chronized parallel operation of about 97 percent of 
the generation capacity in the United States. How- | 
ever, the ties are so light that interruptions are 
frequent. Problems arising from this tie continue to 
receive the attention of the East-West Tie Closure 
Task Force. This problem also is under active study 
by the Operations Committee and Planning Coordi- 
nation Committee of the WSCC. Working with this 
task force of the Operations Committee is a 
representative from MAPP. 


TABLE 1 


West Region—Power System Structure 


1967 
Type of ownership Number of 
systems Installed Energy 
capacity, mw generated, 
mw. 
PSA 31: 

Federally Owned 2 %)..75<% So RPR..c en ee eee 1 209 775, 906 

Investor Owned™ oG nies Pee ee ey. Se <i Se ee 7 488 1, 938, 039 

Municipally:Owned Jy. ¢.\aoen. 4 ete a ee 1 ae ee 29 38 61, 875 

Rural: Eléectric-Coop.sc.ae..tas poten apes gh. ose eee 19 5 12, 764 
mtate; Owned |) ork Set cee en de Une ke: 5 60 180, 928 
Total sco, ns sok ee natant ep eee eee: 61 800 2, 969, 512 ] 
PSA 32 
Federally sOwned rin enc totter: <; Aarne tenet one cette cote See ee 1 258 761, 350 

Investor Owned fon) oes ee eee eee 4 1, 654 6, 309, 897 

Municipally Owned stein sees don: aacl ae an cea «sn. 2 ae 35 267 940, 168 
Rural Bleetric Coopiis) sno. 2) .cin dee ine sect eee veo ae 28 231 1, 374, 344 
State OWE vie a nnn utlastcepaeeeas oe race Coe eT SOC Toe ie iy ae 0 0 0 | 
fd otal ss}... coeeitartiow bien ieee) chen nee... ee 68 2, 410 9, 385, 759 | 
PSA 36: | 
Pederally Owned .sccde4 nice than Seo ee 0 0 0 } 
Investor Owned. 1-27, SU Oe eee ee 4 1,515 6, 382, 990 
Municipally:Owned zi. neon, 2a Geer ee ee... eee 9 218 488, 516 
RuralsElec tric, Cao py getauinu.idsiie cae cae ee eee 2) eee eee 15 80 240, 885 | 
State Owned cies o cst yd an ncsls hares PEC ear ee eee 0 0 0 | 
| 
Totaled hs. MS OTR, Oe... SSE. 28 1, 813 7, 112,391 | 
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TABLE 1—Continued 


1967 
Type of ownership ON ACS Og 
systems Installed Energy 
capacity,mw generated, 
mwh 

PSA 39: 
ne TAR MNEs he occ Oe ware Greil = Said s, be ators Roce a Fh 1 24 35, 136 
lanxegivore OxMevera ego Ge 6-00 eo C1 ERNE OE tO te OOS Coes Seo ice a ee ea a 902 3, 653, 204 
RECO WIE can hoe cel oes Br MIR as Se ong es AOS 6 29 26, 724 
EE OLIGO OOD aia. 6 ce ae ek ne eats be eee Bas dele oa 12 52 74, 816 
SHE OTIC hs a.) 5,0 be ele ao OL ORE NSO Ue ane CECI oe ee a 0 0 0 
ee ee On rote ae ec Wide aaa shee bees 23 1, 007 3, 789, 880 

PSA 30: 
SOV OWA Re itn ale sn tea OES eet ieo 50s hets Fa bs 2 335 S229 
Pray CStOLLOWNEGE notre oo Sirsa ecele cre cei MT ae ne ee 3 566 3, 620, 106 
Ree WMCO et orsign st ale Sea e we a gates EES Bale ds 0 0 0 
RUM ertTIC COOD Se ee aces. Seen ee as SRE SE IES Oech aA mes 0 0 0 
TALC HOW NCU Cane Pe iayertiecce-ne ects ame usin Ale Dave weet ee Stade 0 0 0 
en te a oo ee cn Goes kE Sf hatacs Gas ated 5 901 4, 932, 835 

PSA 41: 
ee MCE Wee eer Ah aves Octet ose CoS hb dank Suen 4 281 P5050, 023 
NV EStOLL@ WHEUEMME ET rn oe ne eet dee ee ee oe Lae was SRA MOG 216 9 2, 181 9, 455, 270 
Se OW NCO Matacic ee inet ot temo a teehee ta ae Mee o. 19 71 166, 557 
DeMemInE CRITIC COOD ns Mate aiiag Wiceh <<) sislsie ns Ce Sc a oh eae A Mees 6 28 95, 004 
Se eR NL MEP ei ee Roars aie cial antes Dumais, 9.3 wis se atin ws Shel & & 0 0 0 
“USTED og & yet Sap geeyhe, SIA nes A Se ge a 38 2;.561 11, 252, 154 

PSA 42: 
RE REC DOO WINE ee encore ence ic rd Vie ware nin Se ye SS Gav eeie bes ae X68 1 3, O11 23, 764, 747 
LSC CBTETE (COXON loo os 8B Elo tosrate Hel ORE CRE EL OIORRCe ORCI ae ea ca ia 1 636 3, 454, 946 
SNE ROWE ree cies eine S easton Sh Sak She hos 2S 6 2, 780 11, 748, 890 
oy GUSTS Sr cet 6 "e%s0 Sat a Ge es Ri ere I a Li Ws eee renee 3 
Sree GUSSET og ag 05 Berean SiG OR OIC ERSCIO ee) OA io oO icteric eee 0 0 0 
AE Mig cs rte ce Bee eR ROO 2 oe 9 6, 427 38, 968, 586 

PSA 43: 
tee eV LOOWICO eee Sciniidr ijancheels Shee Ka eT AG eae mes 1 1 1, 837 
HEAT CSTOTEO WICC MMPI Amie eaeiersoteein are cree oso oekee. Se esnwe are ars 1 321 1, 062, 285 
BeNAIeOWNCE Sie kira hs eae som eee ea te ALI TK ss 6 2,116 10, 468, 645 
Beal Plectric COOP i. ic eee ee tees e ete tebe tese 1 2 1 
Shae Ooparatals havc oo. 6 a Oe nc CRA IO Ee ae ere 0 0 0 
et See ON Ye ee i Cn ek sw icile o'e, elee eS oe bis wigio tee bse 9 2, 440 11, 532, 768 

PSA 44: 
BIE AU OOWDCU Gee caren uie voc aA was orden amo ek ees ey eles 3 2,915 19, 925, 813 
epematione COxmpatate ls ao 6 oleid dicta lO. 8 bao co Cin BGG 6 O01 ON Rar recone ot Bats 3 1, 609 6, 569, 588 
MINE XSAN OWE yahoos e. \.apsy sa op whan d On win sopl whale oo see Bm hiatee 4 905 2, 040, 319 
UDO SAUL DNS SS Fea G70 en ve ee eee aaa 0 0 0 
SratcA Owned Merron rreie aa canta erage aves alevetey adueraieeues 0 0 0 
ieee AAT eh it Wee ost cesar n agen Go KO ani NE a 8 10 5, 429 28, 535, 720 
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TABLE 1—Continued 


Type of ownership 


Number of 
systems 


PSA 45: 


“ 


Federally Owned) oc os... 60% 5. 268s ope se oe eee oe ee en 
(investor Owned sat. sac corns a cltbee cicie ea oi nr ae Teo 


Municipally Owned 
Rural Electric Coop 


Cy eMC OM den icy ce ON OS ene 


State’ Owned ox Best ceca hie Sie ee ae Denki SO Rie roe esta ke 


PSA 46: 


Federally Owned esos cc 6 oes ie pelo eos oot «siete een 
Investor Owned ees ee ich eae eens oan 


Municipally Owned 
Rural Electric Coop 


State Owned oc kes odoin cist aa arose ee ROC age oP eee eee ms 


PSA 47: 


Federally Owned. io. %g6 isco cs ott os os 2 errno Ne oe ener aes 
Trvestor. Owned tia ccc cierece Coe Serotalpels rors cei lohee ieee ea eRmensS ckerens 


Municipally Owned 
Rural Electric Coop 


State Owned ile csccieed oc Se eo aie encom eines 


PSA 48: 


Federally Ownedissab a. 2. s+ os abn wins 2+ ose pram ae eee vento 
Investor Owne deco ore ee eee en eee ats 


Municipally Owned 
Rural Electric Coop 


State (OWNE : sisme cese 6 eud e eIe ee ei erene oit h aren emer Pks 


West Region Totals: 


Federally Owned) i0.5 cscs oe sr wie oe oo ie oy = oe ee 
Investor Ownedeetins occa ess cceiche pager orien ake aes eins ete ara OWE 


Municipally Owned 
Rural Electric Coop 


State. Owned ss ctecceccleccs sie acdsee Me ata «eel cette aes oh RCI ee een emcees 


1967 
Installed Energy 
capacity, mw generated, 
mwh 

388 1, 0925637 

0 0 

137 405, 234 

0 0 

0 0 


2 525 1, 497, 871 
2 1, 037 5, 909, 878 
3 8, 753 35, 663, 585 
10 1, 119 6, 898, 762 
0 0 0 
1 53 433, 958 
16 10, 962 48, 906, 183 
0 0 0 
5 9, 608 44, 276, 410 
6 3, 825 15, 716, 645 
1 1 4, 313 
0 0 0 
12 13, 434 59, 997, 368 
4 2, 606 6, 804, 334 
7 2, 483 9,311, 155 
3 618 1, 665, 135 
1 97 197, 956 
0 0 0 
15 5, 804 17, 978, 580 
2) 11, 065 61, 919, 690 
5] 30, 716 131, 697, 475 
134 12, 123 50, 627, 470 
84 496 2, 000, 086 
6 113 614, 886 
296 54, 513 246, 859, 607 
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TABLE 2 


West Region—lsolated Systems 


1967 
UQQ02 0) SS ee 
Name. ownership! Installed Peak Energy 
capacity,kw demand,kw generated, 
mwh 
PSA 31: 
Julesburg Power & Light Dept., Colorado.................. M S72) 1, 640 7,055 
Remeatecity Nebragkar 8.65 hd athw rh aeees ede sees M 5, 900 3, 300 15, 073 
Ree EID IG CITIES, NCBI co cari bx 2 ianshegs ame e's Wis eee sides M 8, 632 4, 750 21, 688 
“ACERT, os 2 ol Gag dd patna Rey SPOOR DCE ROS SEE OP Se Eto ie ae 18, 253 2 9, 690 43, 816 
PSA 32: 
murungton Light & Water, Colorado. . .....- 226.8 essen ees M 5, 804 2, 450 10, 505 
Breanne tient. cc Power, Colo. .65 556 ee Wec wee ce ee ess M 4, 992 3, 270 15, 448 
Sema ad ACUI CS, COLO cies. sn sallate re tate a quo Sara armies sndorduens M 12, 728 8, 000 34, 828 
Pee He NOV AGO Ns Scr ie cys is ole uti soe Ew sae Sse Aa ess M 1, 992 4, 945 4, 700 
SBOE. gg a wd bd ASLO EOS CEEERME IORI ME, 65 Esa Renn Ae ar ar 25, 516 2 18, 665 65, 481 
PSA 36: 
Brownfield Mun. Light & Power, Texas.................-.. M 15, 880 8, 000 34, 364 
Banacian Laght oc. Power, Texas... <<: 68sec cee en ie tees M 6, 064 2, 550 7, 796 
SP ERAOIAME NG WaWVICRIC Og girn  Rs ot ER eee aes hess a M 4, 590 2, 100 9, 946 
MeresEa ROM IR CKAS ey ceicys cee see Wii Hao do Bole HEM ae «Shaan ss M 4, 742 2, 190 6, 610 
(Vens@eic ian CON 57) dad lis 2a er aro) Sane at M 6, 140 3, 600 12, 500 
npbock bowers cc Wight) DexaS.cc. 62.6 scm menace nea e M 157, 150 70, 000 365, 492 
Pe RONU TOL ML EXAS or ee de ole see Ht aE ee soa Oe te M 1,516 900 2, 700 
Tucameari Light & Power, New Mexico............:.6.... M 13, 050 7, 300 29, 067 
rm OWCELOCeU AC Ht. LOXAS. oa cchec bigeie lane ete ov ole oe oe M 8, 504 4, 650 20, 041 
USL se ale Sus & ln ee MOUS Ae Rs ERI RRs SER ca a 217, 636 2/101, 290 488, 516 
PSA 39: 
INORG. os 0.5 0.555 o Wa ae ELS Cegubcud” Some SIA StevOG OhO, Bor STOCRENE Oy Sie CERES) CRE PEER IRS ee SN enn gt Ate cr cae acne er ee ee 
PSA 30: 
INGOs nc cansonbo ood Op bs ho adoemeae > ees CE COCA e ce fel Aiec caet acta iis eRasLAIn CIP iicio. dies Cie aciee yearn errr e aaa ea 
PSA 41: 
Pee PAE OWEEICO. 1 LAAN cds as oe nik ig biarsiel io ene Hee a eas I 120 N.R. 3 33 
ear IIPOry (OWED) NEVAGA.. 26h 6 ier coe ul tune ey ies ea So M 3h oS N.R. 3 652 
TWayyalll, . g dig al o,f eye ee ES RR ca cede cua ee a a Ba) Vis ee Chase ais 685 
PSA 42: 
INWOIN@ o.oo ao o of b's b EN Sans bo Of BONED Bro SOBs BoB Oc Or AEG CNG PIECE cece Ou ONRE NCR oT OPE Oar ica oR co nSs 6 aa eC a 
PSA 43: 
Chelan Co. P.U.D., Stehekin, Washington.................. M 250 180 537 
PSA 44: 
ae ce flog cy ol EP AR, Sc OG SI ee ne Or nn ee a 
PSA 45: 
INBRED s on od ba panna pon OOO g OOOH OO 65 Sis Biot UE SIEe ee Om Gi do die SG Gono Scie oiecic Ciao cicacn orci iene eek eC ea eC eR 
PSA 46: 
Psra Lip itiscePower, NCV <n... oe oe ee gies a se I 400 N.R. N.R. 


See footnotes at end of table. 
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356-240 O - 70 - 32 


TABLE 2—Continued 


1967 
Type of eee 
Name ownership! Installed Peak Energy 
capacity,kw demand,kw generated, 
mwh 
PSA 47: 
Ely Light 1&:Power, Nevada:..<.1.6.00s 7s sk ee ee een I 1, 830 1, 830 2, 841 
Eureka Light:& Power; Néevadaiias 0... .sc eas eee eee eee I 550 N.R. N.R. 
Southern California Edison Co., Santa Catalina, Calif........ I 5, 055 2, 250 7; 922 
dope) Te re yee NNT ee: shui) ctacurnre B 5 < 7, 435 2 4, 080 10, 763 
PSA 48: 
Morenci Water & Electric Cos, Arizonas. 442405 ae eee I 0 0 40 
WEST Region! Total ccna: kana ane ege s bro eetOne ae eee eee 273,202. ?°133, 903 609, 798 


1 F—federally owned; I—investor owned; M—municipally owned; R—rural electric coop.; S—State owned. 


2 Noncoincident. 
3 Last reported for 1965. 
4 Receives energy from Phelps Dodge Corporation. 
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TABLE 3 
West Region—Generating Capacity by Type of Prime Mover 


[1967 Data] 
Hydro Thermal 
Pah Conventional Pumped storage Diesel Gasturbine Conventional Fossil fueled Geothermal Nuclear Total 
Installed Genera- Installed Genera- Installed Genera- Installed Genera- Installed Generation, Installed Genera- Installed Genera- Installed Genera- 
capacity, tion, mwh capacity, tion, capacity, tion, capacity, tion, capacity, mwh capacity, tion, mwh capacity, tion, mwh capacity, tion, mwh 
kw kw mwh kw mwh kw mwh kw kw kw kw 

65 Re ee ers 211, 967 788, 670 0 0 46,923 650,030 0 0 641, 275 2180; S12 tos Sawn ete sea ee eee eee 800,165 2,969, 512 
2 ee ees es voor eee 322, 532 927,443 300,000 (—62,751) 96,388 126,275 0 0 1,690, 942 8; 304) 792" 2s oo oo eae eee ee ee eee eee 2,409,862 9,385,759 
- id=: ee a ee ee 0 0 0 Q 102,251 198.747 69,921 276,285 1, 640,464: ° 66075850 2.25. -2 5-205 ee ee 1,812,636 7, 112, 301 
C0. eae eae pee ee 24, 300 35, 136 0 0 1,004 2,783 13,000 Q. "960, 180°° 9) 781, 0012. eek ee ee 1,007,454 3,789, 880 
2 ee Si ie ene 813, 590 4, 833, 703 0 0 2, 750 61 0 0 84, 550 99, 071 0 0 0 0 900,890 4,932, 835 
ra er eee eae ae 1, 775, 355 7, 992, 382 0 0 59,864 35,205 0 0 725, 906 3, 224, 567 0 0 0 O 2,561,125 11,252,154 
DB ere oe ae 6, 426, 730 38, 968, 583 0 0 733 3 0 0 0 0 0 0 0 0 6,427,463 38, 968, 586 
Zs eS Se eer 2, 240, 171 11, 534, 561 0 0 2, 460 190 0 0 197, 500 (1, 983) 0 0 0 0 2,440,131 11, 532,768 
00 eta eee eee ae 4,380,097 26, 500, 244 0 0 3, 496 (—278) 0 0 185, 140 (4, 729) 0 0 860,000 2,040,483 5,428,733 28, 535,720 
(le Ae eee 499, 500 1, 497, 142 0 0 0 0 0 0 25, 000 729 0 0 0 0 524, 500 1, 497, 871 
AG SF a8 ee wre sso es 4, 484, 523 27, 658, 074 25, 200 38 31, 616 22, 313 27, 000 14,204 6,278, 151 20, 567, 570 55, 363 316, 310 60, 000 327,674 10,961,853 48, 906, 183 
0 Y a Gee ea ee 1, 031, 815 7, 243, 568 0 0 49,911 10, 965 58, 144 38,908 11, 836, 272 52, 408, 948 0 0 457, 500 294,979 13,433,642 59, 997, 368 
Se aoeias = Pl ae 2,673,690 7,097,909 7,200 1,282 90,178 118,928 11,250 33,339 3,022,032 10,727,122 0 0 0 0 5,804,350 17,978, 580 


West Region___. 24,884,270 135,077,415 ‘- 332,400 (—61,431) 487,574 505,222 179,315 362,736 27,196,382 107,996,219 55,363 316,310 1,377,500 2,663,136 54,512,804 246, 859, 607 
¢ fy eae Ff "A f : 


APPENDIX 


Organization of the Utility Industry—Western United States 


California Power Pool (CALPP) 
Pacific Gas and Electric Co. 
San Diego Gas and Electric Co. 
Southern California Edison Co. 


Southern California Municipal Group (SCMG) 
City of Los Angeles 
City of Burbank 
City of Glendale 
City of Pasadena 


Colorado Power Pool (GOLOPP) 
Public Service Company of Colorado (Central 
System) 
City of Colorado Springs 
Southern Colorado Power Division of Central 
Telephone and Utilities, Inc. 


Pacific Northwest Coordination Agreement 
(PNCA) 

Bonneville Power Administrator 

Division Engineer, North Pacific Division, 

Corps of Engineers, Department of the Army 

The United States Entity, designated pursuant 
to Article XIV of the Treaty 

City of Eugene, Oregon 

City of Seattle, Washington 

City of Tacoma, Washington 

Public Utility District No. 2 of Grant County, 
Washington 

Public Utility District No, 1 of Chelan County, 
Washington 

Public Utility District No. 1 of Pend Oreille 
County, Washington 

Public Utility District No. 1 of Douglas Coun- 
ty, Washington 

Public Utility District No. 1 of Cowlitz County, 
Washington 

Puget Sound Power and Light Co. 

Portland General Electric Co. 

Pacific Power and Light Co. 

The Washington Water Power Co. 

The Montana Power Co. 


III-3-205 


Colockum Transmission Co., Inc., a subsidiary 
of Aluminum Company of America 


Northwest Power Pool (NWPP) 


(Operating Committee—Voluntary Participat- 
ing Systems) 
Bonneville Power Administration 
British Columbia Hydro & Power Au- 
thority 
Eugene Water & Electric Board 
Idaho Power Co. 
Montana Power Co. 
Pacific Power & Light Co. 
Portland General Electric Co. 
Puget Sound Power and Light Co. 
PUD No. 1 of Chelan County 
PUD No. 1 of Douglas County 
PUD No. 2 of Grant County 
Seattle Department of Lighting 
Tacoma Public Utilities—Light Division 
U.S. Army Corps of Engineers—North 
Pacific Division 
USBR—BPA (Southern Idaho) 
Utah Power & Light Co. 
Washington Water Power Co. 
West Kootenay Power & Light Co. 


The Intercompany Pool (INTERPOOL) 


Pacific Power and Light Co. 
Portland General Electric Co. 
Puget Sound Power and Light Co. 
The Washington Water Power Co. 


Associated Mountain Power Systems (AMPS) 


Idaho Power Co. 

The Montana Power Co. 

Pacific Power and Light Co. 

Utah Power and Light Co. 

The Washington Water Power Co. 


New Mexico Power Pool (NMPP) 


Community Public Service Co. 
El Paso Electric Co. 


Plains Electric G & T Cooperative, Inc. 
Public Service Gompany of New Mexico 
USBR—Rio Grando Project 


Pacific Northwest Utilities Conference Committee 


(PNUCC) 

Central Lincoln PUD, Newport, Oregon 

Chelan County PUD, Wenatchee, Washington 

Coos-Curry Electric Cooperative, Inc., Co- 
quille, Oregon 

Douglas County PUD, Bridgeport, Washing- 
ton 

Eugene Water & Electric Board, Eugene, Ore- 
gon 

City of Forest Grove, Forest Grove, Oregon 

Grant County PUD No. 2, Ephrata, Washing- 
ton 

Grays Harbor County PUD, Aberdeen, Wash- 
ington 

City of McMinnville Water & Light Depart- 
ment, McMinnville, Oregon 

Milton-Freewater Utilities, Milton-Freewater, 
Oregon 

Pacific Power and Light Co., Portland, Oregon 

Portland General Electric Co., Portland, Ore- 
gon 

Puget Sound Power & Light Co., Bellevue, 
Washington 

Seattle City Light, Seattle, Washington 

Snohomish County PUD, Everett, Washington 

Tacoma City Light, Tacoma, Washington 

The Washington Water Power Co., Spokane, 
Washington 

Washington Public Power Supply System, 
Kennewick, Washington 


Member Systems 

Benton County PUD, Kennewick, 
Washington 

Clallam County PUD, Port Angeles, 
Washington 

Ferry County PUD, Republic, Wash- 
ington 

Franklin County PUD, Pasco, Wash- 
ington 

Kittitas County PUD, Ellensburg, 
Washington 

Klickitat County PUD, Goldendale, 
Washington 


Rocky Mountain Power Pool (RMPP) 


Public Service Company of Colorado 
Pacific Power & Light Co. (Wyoming Division) 
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USBR—Region 4 

USBR—Region 7 

Montana Power Co. 

Consumers Public Power District 

Southern Colorado Power Division of Central 
Telephone & Utilities Corp. 

Colorado Springs Department of Public Util- 
ities 

Utah Power & Light Co. 

Black Hills Power & Light Co. 

Tri-State G & T Assn., Inc. 

Colorado-Ute Electric Assn., Inc. 

Cheyenne Light, Fuel & Power Co. 

Western Colorado Power Co. 


Western Energy Supply and Transmission Associates 
(WEST) 


Arizona Public Service Co. 

Department of Water & Power, City of Los 
Angeles 

El Paso Electric Co. 

Nevada Power Co. 

Public Service Company of Colorado 

Public Service Company of New Mexico 

San Diego Electric & Gas Co. 

Sierra Pacific Power Co. 

Southern California Edison Co. 

Tucson Gas & Electric Co. 

Utah Power & Light Co. 

Arizona Electric Power Cooperative 

Arizona Power Authority 

Burbank Public Service Department 

City of Colorado Springs 

Colorado—Ute Electric Association, Inc. 

Glendale Public Service Department 

Imperial Irrigation District 

Pacific Power & Light Co.—Wyoming Division 

Pasadena Municipal Power & Light Depart- 
ment 

Plains Electric Generation & Transmission 
Cooperative, Inc. 

Salt River Project 

Southern Colorado Power Division of Central 
Telephone & Utilities Corp. 


Colorado Systems Coordinating Council (CSCC) 


City of Center, U.S. Bureau of Reclamation 

City of Colorado Springs, Arkansas Valley 
G & T, Inc. 

City of Estes Park, Colorado—Ute Electric 
Assn., Inc. 


City of Fort Collins 
City of Fort Morgan, Tri-State G & T Assn., 


Inc. 


City of Glenwood Springs, Home Light and 
Power Company 
City of Julesburg, Public Service Company of 


Colorado 


INTER- 


City of La Junta 

City of Lamar, Southern Colorado Power Di- 
vision of Central Telephone & Utilities Corp. 

City of Las Animas 

City of Longmont 

City of Loveland 

City of Trinidad, Western Colorado Power Co. 


CALPP COLOPP NMPP PNCA POOL SCMG NWPP CSCC RMPP WEST WSCC AMPS PNUCC 


Arizona Electric Power 
Cooperative 

Arizona Power Authority 

Arizona Public Service 


Black Hills Power & 
Light Co 
Bonneville Power Ad- 


Ministrationees. o.----=- 


British Columbia Hydro 


cud. Ppieie AQHA RGVOliny be ae Sa a ea eee 


Cheyenne Light, Fuel 


ag Parag (ON we seat ® ne SSE Se oe Ree k= Ua enn en a en a x 


City of Burbank, Cali- 


(jai): 
ROA EVI ERIS EEE DAE A® COT O20 eee ee ae en ae Senso ahaa saoa—see Sane 2= x 


City of Colorado Springs, 
Colorado Department 


of Public Utilities_.._--- 


City of Estes Park, 


Gy) ee ee Pe none Pic asechensncc cosets sesvesssceeeerecas x 


City of Forest Grove, 


City of Fort Collins, 


OpTenal. sas tee dos a8 id ee Crone OBE Ben BOE Se a oe ee ee ae >.< 


City of Fort Morgan, 


Ghleiedh. As a Se acbnee hk EL eee Se Pete oer x 


City of Glendale, 


Galiformiga. .22:2-22--.- 


City of Glenwood 


Sorta, (CMOGIs 5a sne sa 9 sao e cs eee Sse See eee eae See eae Soe ee eee eee x 


City of Julesburg, 


(GRY TE Gis yom a i Ree ee ce er Ne a Se ae a Se ee a x 


City of La Junta, 


OI HET en etn SES se ee eae ee a eee eee eres x 
ity rombamiary © OlOLadOss a5 = 9 se nae a ae ae se ne Se nw a na ee ae eas nna S a sees ase a =n =ne x 


City of Las Animas, 


Cyl PhGn. 2 a eg Sei SOS SS REE Se ESO eS BRE a aS Oe Ee eee ee x 


City of Longmont, 


NAUSEA nna ee Mie, ie Bg = ere Se ee eee Sade ee coos es ease St soe se seSceses x 


City of Loveland, 


CLs toa ee PS PN x 


City of McMinnville, 


City of Pasadena, 


Waliformig- = s.-----50- 


City of Seattle, Wash- 
ington Department 


Oiiighting —.-.-.--- es 


City of Trinidad, 


Coasaysitibyy: oo o3 ee Se Cee Oe re 


Colockum Transmission 
Co., Inc., a subsidiary 


Colorado- Ute Electric 


IRENA oe ee ee a a ee ee eee oa x x x x 


Community Public 


BerviceiC0.--..--------- 
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INTER- 
CALPP COLOPP NMPP PNCA POOL SCMG NWPP CSCC RMPP WEST WSCC AMPS PNUCC 


Consumers Public Power 
District (Western 
Division)2ccticvece. 4. Jt eet i ee eee eee ee. 2 eee x 7 eee ky. OS 

Coos-Curry Electric 
Cooperative, Inc., 

Coquille, Orégon ..24.0 20 eee ee eee 2 een ected es es ee eee eee x 
Department of Water & 

Power, City of Los | 

Angeles;:\Califi: 72". 3 32 2 ee eee ee Xk 2a. 2 ee eee x 
EliPasotlectric: Comes sae ae eee x 
Eugene, Oregon Water & 

Power Boards. <. 2 ste es ee 78. eee x 
Home Light:& Power Cos a 52 aros ee tees cee oe eee eee eee ee >. CE SEAR eee SRE ER ae iS 
Idaho: Powe? Co: - 35255 ses oe ee re ee Ce ee x 
Imperial Irrigation 

Districtz.s eo see eee wns ee ess cee ee ee Oe oS er oy eee 8 ee x 
Metropolitan Water i 

District x.0522..22 52 See ee a ee ee ee x 


va 
falta 


Pacific Gas & Electric Co. X 
Plains Electric G & T 


Portland General 

Electrie:\Coz). <.3822 ew. eee. ee x x 
Public Service Company 

Of Colorad0zc ens: 2oece setae see x 
Public Service Company | 

Of: New2Mexicoud 2 nc5- so ee ee DR gs eae ese tcl ons (hoe ee ae x Ximrtii ae | 
PUD, Central Lincoln; I 

Newport; Oregon... 22s2s2 5-5 Lecco cs Alea. Lee betes Sie eo ee ee ee eee x 
PUD, No. 1, Chelan 

County, Wenatchee, 

Washington... *- 252-023 .- 32 tees : ee ee x 
PUD, No. 1, Cowlitz 

County, Washington? ss. 2a-s425-52 2555 e ee eee exe i 
PUD, No. 1, Douglas 

County; Washington sears s-2 es. oe ee Sees pee Pe eke mee eye ee ), Co ey ey et ee dS Xv me eee x 
PUD, No. 2, Grant 

County,)Washington=-2: -2=-2. --= esse se ee eee x 
PUD, Grays Harbor 

County; Aberdeen, | 

Washington ssc0s tees oe nen ecke ss Sad teedes eect wes ck Saeed Se SAP eee See ee ea x 
PUD, No.1, Pend 

Oreille‘ County, Washi se eee eee Ko sec ceceiseect eek tec eet ea ee ee eee | 
PUD, Snohomish | 

County; Everett, | 

Washington 2022s. .55285 Seo is se ae ee ce eee x 
Puget Sound Power & 

Light: Cows ses set ose te sar are a nee ae oe ar serene x x 
Salt River Projecto. Sees Sa ao ae ee aaa a a es ea x 
San Diego Gas & Electric 


x 
COsosscccesiecsscezesics KK seagate aete lotta coeBecrsibateece be ee set oe See ee ee ee ee x >. CR 

x 

x 


Sierra Pacific Power Co--- 
Southern California 
PE CisOn zee ene eee Seem x 
Southern Colorado Power | 
Divison of Central } 
Telephone & Utilities....__..._..- pr Pee yh erAOmn ea iien emer Sane Le x x x Xi) 4 
Tacoma Public Utilities, 
Light Divisionves fists. oe fee ee ee x . | 
Tri-State G & T Associa- 
5) ( ea ee 2 Foe PERE SRS ORT REND emer em ae elu | aM ae e es Ciel Ok EE Aik Joo as x Xe eee xX (hie 
Tucson: Gas:& Electric-.3.b-<o-.20 eee Oe ee ae ee, Rae ee eee a.¢ D.C were 
USBR—Boulder City.-- 2.20022 oc5 sc 2 es es ne cee one eS ee eee 
USB R=—C RSP 24 ee ee el ee ee x x 
USB R—BPA (Southern 


USBR—MRB Western 
Divisions cad. = 282 we oe nk ee ek Pr aa ee OS ee oe Xs) 2... See 
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INTER- 
CALPP COLOPP NMPP PNCA POOL 


SCMG NWPP CSCC RMPP WEST WSCC AMPS PNUCC 


USBR—Rio Grande 


U.S. Army Corps of 
LOPPCATICG i Yee et ol Sok go Ea EE Ser ee x 
DidSio LOLI ese ee i a es 


Washington Water Power 
GOL. .ssesée 3255 Gees ae a x 
Washington Public Power 


SERIO VAS VSLCIIe eee one es ee fe ee ew eee ace BSE ty ohn y's 
ONLOMECOUT UY E; UL em ae can aa eee oe nett one aeons neon ees Se eee 
Clallam County PUD-_.__-____-- Se A Nee ae NE BE ete 
LETT COTTA 1 2A OM Bee ee See Ae ee oe ee eee 


Franklin County 


Department Water Re- 
sources, State of 


Sacramento Municipal 


TORSUIR RY TDS RKH (eh 5: Sees ses eases ta SS ae ne per 


WitnbeOW en Cie Nt. Ole see ae ec eee veh ene eens eet ee eee 


Membership of Western Systems Coordinating Council as of January 1, 1969 


Arizona Power Authority 

Arizona Public Service Company 

Bonneville Power Administration 

British Columbia Hydro and Power Authority 

Bureau of Reclamation 

Colorado-Ute Electric Association 

Consumers Public Power District—Western 
System 

Department of the Army, North Pacific Divi- 
sion, Corps of Engineers 

Department of Water Resources, State of 
California 

El Paso Electric Company 

Eugene Water and Power Board 

Idaho Power Company 

Department of Water and Power, City of Los 
Angeles 

Metropolitan Water District of Southern Cal- 
ifornia 

Montana Power Company 

Pacific Gas and Electric Company 

Pacific Power and Light Company 

Plains Electric Generation & Transmission 
Cooperative, Inc. 

Portland General Electric Company 

Public Service Company of Colorado 


Public Service Company of New Mexico 

Public Utility District No. 1 of Chelan County, 
Washington 

Public Utility District No. 1 of Cowlitz County, 
Washington 

Public Utility District No. 1 of Douglas County, 
Washington 

Public Utility District No. 2 of Grant County, 
Washington 

Puget Sound Power and Light Company 

Sacramento Municipal Utility District 

Salt River Project Agricultural Improvement & 
Power District 

San Diego Gas and Electric Company 

City of Seattle Department of Lighting 

Sierra Pacific Power Company 

Southern California Edison Company 

Southern Colorado Power Company, Division 
of Central Telephone and Utilities, Inc. 

Tacoma Public Utilities, Light Division 

Tri-State G & T Association 

Tucson Gas and Electric Company 

Utah Power and Light Company 

Washington Water Power Company 

West Kootenay Power and Light Company, 
Ltd. 
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WESTERN SYSTEMS COORDINATING COUNCIL 
ORGANIZATION CHART 


December 6, 1968 


CAO FUSNSGe Le 


EXECUTIVE 

COMMITTEE 
OPERATING LIAISON COORDINATION 
COMMITTEE 


COMMITTEE 


PUBLIC | 
INFORMATION 


COMMITTEE 


SUBCOMMITTEE 
RELIABILITY | 
CRITERIA | 
FOR | 
SYSTEM DESIGN ! 


} 
PACIFIC STABILITY i 
INTERTIE WORKING GROUP | SUBCOMMITTEE 
OPERATIONS TECHNICAL 
ASK FORCE STUDIES i 
WORKING GROUP | 
SUBCOMMITTEE 


LOADS AND | 
RESOURCES ] 


EAST - WEST 
TASK FORCE 
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LEGEND 
/ Ss Y NORT 
ASHINGTON LISS, | gata DAKOTA \ VA AJ) HWEST POWER POOL 
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APPENDIX 6. MEMBERSHIPS 


West Regional Advisory Committee 


Frank M. Warren, Chairman, 
President, 

Portland General Electric Company 
John F. Anderson, 

Vice President, 

Utah Power and Light Company 

P. A. Blanchard,* 

Vice President, 

Utah Power and Light Company 

J. J. Bugas, 

General Manager, 

Colorado Ute Electric Association 
Bernard Goldhammer, 

Power Manager, 

Bonneville Power Administration 
Frederick B. Holoboff,? 
Commissioner, 

California Public Utilities Commission 
Emil Lindseth, 

Associate Chief Engineer, 

Bureau of Reclamation 

Samuel B. Nelson,* 

General Manager, 

Department of Water and Power, 
City of Los Angeles 

L. R. Patterson, 

Senior Vice President, 

Public Service Company of Colorado 
Marshall L. Blair,? 

Vice President, 

The Washington Water Power Company 
J. F. Bonner, 

Senior Vice President, 

Pacific Gas and Electric Company 
Howard C. Elmore, 

Manager, 

Public Utility District No. 1 of Chelan County 


* Retired. 
? Deceased. 
* Term expired. 


M. F. Hatch, 

Vice President, 

The Washington Water Power Company 
Edgar L. Kanouse, 

General Manager, 

Department of Water and Power, 

City of Los Angeles 

Fred P. Morrissey, 

Commissioner, 

California Public Utilities Commission 
Robert P. O’Brien, 

Vice President, 

Southern California Edison Company 
D. W. Reeves, 

Chairman, 

Public Service Company of New Mexico 


Subcommittee on Power Requirements and 
Load Diversity 


Robert P. O’Brien, Chairman, 
Vice President, 

Southern California Edison Company 
John S. Anderson, 

Vice President, 

Utah Power and Light Company 
John J. Bugas, 

General Manager, 

Colorado Ute Electric Association 
P. A. Blanchard,* 

Vice President, 

Utah Power and Light Company 
Bernard Goldhammer, 

Power Manager, 

Bonneville Power Administration 


Subcommittee on Generation 


John F. Bonner, Chairman, 
Senior Vice President, 

Pacific Gas and Electric Company 
John J. Bugas, 

General Manager, 

Colorado Ute Electric Association 
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Robert P. O’Brien, 
Vice President, 
Southern California Edison Company 


Task Force on Fuels 

Robert P. O’Brien, Chairman, 
Southern California Edison Company 
John J. Bugas, 

Colorado Ute Electric Association 
William S. Landers, 

Public Service Company of Colorado 
W. H. Seaman, 

Southern California Edison Company 
E. J. Lage,* 

Pacific Gas and Electric Company 


Robert B. Lisbakken, 
Pacific Power and Light Company 


Task Force on Generation 

J. D. Worthington, Chairman, 

Pacific Gas and Electric Company 

R. L. Ashenbrenner, 

Grant County Public Utility District 

S. F. Buese 

Southern California Edison Company 
Glen E. Bredemeier, 

Portland General Electric Company 

D. J. Gaha, 

City of Tacoma, Washington 

F.N. Davis, 

Utah Power and Light Company 

T.R. Heikes, 

Idaho Power Company 

Robert J. Labrie, 

Montana Power Company 

Ed C. Metcalf, 

Public Utility District No. 1 of Chelan County 
W. P. Murphy, 

Tucson Gas and Electric Company 

A. E. Rhodes, 

Public Service Company of New Mexico 
Jack T. Stiles, 

Pacific Power and Light Company 

John A. Gregg, 

Public Utility District No. 1 of Douglas County 
J. B. Kirkpatrick, 

Bureau of Reclamation, Denver 


Henderson M. McIntyre, 

Bonneville Power Administration 

R. P. Mortell, 

Puget Sound Power and Light Company 
Gregory Prekeges, 

The Washington Water Power Company 
L. J. Stinson, 

Department of Water and Power, 

City of Los Angeles 

James H. Zornes, 

Nevada Power Company 


Subcommittee on Transmission 


Howard C. Elmore, Chairman, 
Manager, 
Public Utility District No. 1 of Chelan County 


Stuart Barker, 

Chief Planning Engineer, 

The Montana Power Company 

Marshall L. Blair,” 

Vice President, 

The Washington Water Power Company 


C. R. Canady, 
Superintendent of System Operation, 
Southern California Edison Company 


John Gregg, 

Chief Engineer, 

Douglas County Public Utility District 
B. L. Baugh, 

Vice President, 

Public Service Company of New Mexico 


D. L. Bryner, 
Utah Power and Light Company 


F.N. Davis, 
Manager, Engineering & Construction, 
Utah Power and Light Company 


P. F. Hargreaves, 

Manager, Engineering, 

Puget Sound Power and Light Company 
E. J. Harrington, 

Assistant Chief Engineer, 
Bonneville Power Administration 
Harvey D. Hunkins, 

Assistant Chief, Electrical Branch, 
Bureau of Reclamation 

R. H. Lemagie, 

Power Operations Supervisor, 
City of Tacoma, Washington 
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William J. Martin, 

Director, Electric System Planning, 

Public Service Company of Colorado 

T. A. Phillips, 

Vice President and Manager of Engineering Services 
Group, 

Arizona Public Service Company 

R. R. Ries, 

Power Manager, 

Grant County Public Utility District 

Conrad L. Ryan, 

Chief Electrical Engineer, 

Nevada Power Company 

Jack T. Stiles, 

Vice President, 

Pacific Power and Light Company 

M. F. Hatch, 

Vice President, 

The Washington Water Power Company 

W. R. Johnson, 

Chief Electric Generation and Transmission 
Engineer, 

Pacific Gas and Electric Company 

Emil Lindseth, 

Bureau of Reclamation 


W. McGlothlin, 

Superintendent, Electric Engineering and 
Operations, 

Tucson Gas and Electric Company 

Gregory Prekeges, 

The Washington Water Power Company 

D. R. Russell, 


Superintendent of Engineering, 
Idaho Power Company 


William A. Sells, 

Engineer of Design and Construction, 
Department of Water and Power, 
City of Los Angeles 


Subcommittee on Coordinated Planning 
and Development 

L. R. Patterson, Chairman, 

Vice President, 

Public Service Company of Colorado 
Howard C. Elmore, 

Manager, 

Public Utility District No. 1 of Chelan County 
Edgar L. Kanouse, 

General Manager, 

Department of Water and Power, 

City of Los Angeles 

Samuel B. Nelson,* 

General Manager, 

Department of Water and Power, 

City of Los Angeles 

D. W. Reeves, 

President, 

Public Service Company of New Mexico 


Report Drafting Subcommittee 


J. F. Bonner, Chairman, 

Senior Vice President, 

Pacific Gas and Electric Company 

M. B. Austin, 

Regional Engineer, 

Federal Power Commission 

Howard C. Elmore, 

Manager, 

Public Utility District No. 1 of Chelan County 
Robert P. O’Brien, 

Vice President, 

Southern California Edison Company 

P. G. Damask, 

Pacific Gas and Electric Company 

W. J. Martin, 

Director, Electric System Planning, 
Public Service Company of Colorado 

W. H. Seaman, Fuel Supply Department, 
Southern California Edison Company 
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